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D.d. distance from drain 

S.p. sample plot 

LkKN  low-sedge bog 

IR dwarf-shrub pine swamp 

MK Myrtillus spruce swamp 

Nat. natural 

HSD.05 least significant difference at the 5-per cent level according to Tukey’s method 
R coefficient of correlation 


1. INTRODUCTION 


11. Basic features of the biological activity of soil 


Various research workers have presented 
quite different conceptions concerning the 
biological activity of soil and determination 
of soil respiration as well as the charac- 
teristics used to describe biological activity of 
the soil. Certain Russian scientists call soil 
respiration as such biological soil activity and 
define it as the carbon dioxide release from 
the soil surface (cit. MAKAROV and MATSKE- 
vıcH 1958). Other research workers consider 
soil respiration an indicator or index of the 
biological activity of soil because it describes 
the intensity of the metabolism of soil organ- 
isms (Koepr 1953, 1954; MEYER and SCHAF- 
FER 1954; Horn 1955; FRERCKS and KoseE- 
GARTEN 1956; FRERCKS and PuFFE 1957). 

As is generally known, a great number of 
phenomena take place in the soil which 
produce carbon dioxide as a final product. 
This gas does not usually accumulate in the 
soil, but is released into the free atmosphere. 
To some extent, it is true, carbon dioxide may 
dissolve in soil water and be carried away, or 
be bound into chemical compounds such as 
carbonates or bicarbonates. Already in the 
nineteenth century scientists used carbon 
dioxide release as an indicator of soil metab- 
olism (HABER 1959) and rapidity of de- 
composition of organic matter in peat soils 
(IKISSLING and FLEISCHER 1891). Since then 
carbon dioxide release has been the object of 
intensive study, and several surveys of 
literature dealing with this subject have been 
published (e.g. ROMELL 1922, 1928; Waks- 
MAN and STARKEY 1924; HABER 1959). 

The more intensive the carbon dioxide 
release from the soil, the more efficient is the 
decomposing activity of soil organisms. Soils 
are called active when they show strong 
respiration, and inactive otherwise. The 
intensity of soil respiration, however, does not 
only depend on biological events, but is also 
influenced by ecological as well as chemical 
and physical factors; on the other hand, soil 
respiration is only one part of the biological 
activity of soil (MAKAROV and MATSKEVICH 


1958). Consequently, in the study of the bio- 
logical activity of soil, there is no reason 
to determine carbon dioxide release alone. 
The activity of enzymes occurring in the 
soil also affects the biological activity to 
quite an essential degree. The final process of 
biological metabolism is consequently con- 
sidered to be an enzymatic phenomenon, on 
the basis of which the biological activity of 
soils can be determined by means of determi- 
nations of fermentation (SEEGERER 1953). 
Fermentation primarily affects the quantity 
of readily oxidizable organic substances 
(SCHEFFER and TWACHTMANN 1953). Hence, 
MAKAROV and MATSKEVICH (1958) define the 
biological activity as the combined effect of 
soil respiration and enzymatic activity. 
Oxygen uptake (LEEs 1949, DoBson and 
Wırson 1964) and catalytic power (Waks- 
MAN 1931, MıkoLA 1954 a, KruGLov and 
PAROMENSKAYA 1966) have also been used to 
describe biological activity. The term cata- 
lytic power refers to the ability of soils to 
catalyze various reactions. So, for instance, 
catalase causes decomposition of hydrogen 
peroxide into water and oxygen. Use of the 
catalytic power as an index of the biological 
activity of soil presupposes that the activity 
in question is measured under aerobic condi- 
tions. There is a close relation between the 
catalytic power of soil and its redox poten- 
tial. In anaerobic conditions the catalytic 
power is completely lacking (MIKOLA 1954 a). 
Likewise, the oxygen consumption in soil or 
in peat samples taken from the soil is depend- 
ent on the redox conditions. In the gas ex- 
change taking place under normal oxidizing 
conditions, the number of carbon dioxide 
molecules released equals that of oxygen 
molecules taken up; consequently, it makes no 
difference which of the gases in question is 
measured to indicate biological activity. On 
the other hand, when studying in the labora- 
te. y the gas exchange in peat samples taken 
from redueing conditions, oxygen uptake ex- 
ceeds carbon dioxide release (LAHDE 1966 b). 


12. Special features of peatlands 


Primarily because of their redox condi- 
tions, peat soils have special features not 
found in mineral soils. In peat the redox 
potential decreases rapidly with increasing 
depth; this is because of diminished air space 
and reduced oxygen content of the soil water 
(PAPENDICK and RUuNKLES 1966, ORLOV 
1958). A decrease in the oxygen content of 
the air occurring in the soil to less than ten 
per cent is harmful to the activity of tree 
roots (von RönrıtG 1966). If the oxygen con- 
tent decreases to 4—5 per cent, the activity of 
tree roots completely ceases (RUSSELL 1961), 
and at 2.5 per cent the activity of several 
aerobic biological systems is stopped (KEmp- 
NER 1937, PARR and REUSZER 1959). 

A change of the redox potential toward 
reducing conditions causes both a decrease in 
the number of aerobic microbes and super- 
ficiality of root systems (WAKSMAN and 
Purvis 1932). There is a correlation between 
tree growth and the redox potential of the 
site (WILDE and RANDALL 1951, PIERCE 
1953). With regard to plants, an air space of 
30 per cent of the soil volume might generally 
be considered good (NESTEROVA 1966) and 10 
per cent a limit value (RUSSELL 1952, BERG- 
MAN 1959). 

From solutions the redox potential is 
readily measurable as Ep using platinum 
electrodes (LEMON and ERICKSON 1952, BucH- 
HOLZ 1961, BRANDT et al. 1964, SAVANT and 
ELis 1964). However, the potential changes 
rapidly; thus, it cannot be used for compar- 
ison of sites (BARTLETT 1965). The greatest 
difficulty involved in measuring the redox 
potential is that atmospheric oxygen dis- 
solves in water; therefore the determination 
must be carried out so that oxygen from the 
air does not come in contact with the samples 
(RoMELL 1922). 

When, in addition to carbon dioxide, 
methane, hydrogen, and hydrogen sulfide are 
released in the gas exchange, the redox 
potential is quite low. Occurrence of these 
gases in the soil is enough to indicate that 
conditions are anaerobic (STARKEY 1950, 
AOMINE 1962, Laskowski and MORAGHAN 
1967). The gases in question, explicitly 
methane and hydrogen sulfide, are poisonous 
to tree roots. Their occurrence in the air space 


of the soil near the ground surface may lead to 
absence of trees from the site (WILDE ef al. 
1950). Correspondingly, even too much car- 
bon dioxide in the air space of soil is poisonous 
to tree roots (NESTEROVA 1966). 

Primarily, artificial drainage of peatlands is 
an attempt to increase the content of oxygen 
of the peat (ORLov 1958). When the ground 
water table is lowered, the water content of 
the peat layer containing tree roots decreases 
(JUUSELA 1945, EGGELSMANN 1957, HEIKU- 
RAINEN et al. 1964), and atmospheric oxygen 
can penetrate into the pore space of the peat. 
Several studies have indicated that tree roots 
penetrate deeper into the soil after drainage 
(KOKKONEN 1923, MULTAMAKI 1923, LAITA- 
KARI 1927, HEIKURAINEN 1955, FRASER 1962, 
PAAVILAINEN 1966 a). Drainage also increases 
ramification of roots (MULTAMAKI 1923, LAI- 
TAKARI 1927, HEIKURAINEN 1955). 

On the other hand, it has been asserted 
that drainage is an attempt to put the water 
in motion; this would lead to an increase in 
the oxygen content (Huıkarı 1959 b). This, 
however, presupposes that free oxygen is 
available in the layer where the water moves. 

The most common manner of describing 
the efficiency of drainage is to express it in 
terms of the lowering of the ground water 
table; this requires measurement of the 
distance between the ground surface and the 
ground water table (e.g. MULTAMAKI 1936, 
LUKKALA 1946, HEIKURAINEN 1955, MESHE- 
CHOK 1960, HoLSTENER-JORGENSEN 1961, 
PAAVILAINEN 1966 a). Ground water depth 
has also been used as a characteristic in 
determination of norms for drainage (MESHE- 
CHOK 1960, PyavcHENKOo and Sapo 1962). 
This is because the soil water tension reaches 
the value zero at the depth where the ground 
water table occurs (Rıcnarps 1941, HEINO- 
NEN 1954, BURKE 1961). In this situation the 
entire pore space of the soil is filled with 
water, and provided that the ground water 
moves only slowly, conditions are completely 
or at least partly anaerobic (HESSELMAN 
1910, RoMELL 1922, MALMSTRÖM 1923, Iso- 
TALO 1951, PAARLAHTI and VARTIOVAARA 
1958). We do not know, however, whether 
conditions prevailing above the ground water 
table are anaerobic or aerobic. For this rea- 


son, measuring the depth of the ground water required on post-drainage changes in the 
table is not enough to indicate the efficiency redox conditions of the peat as well as on its 
of drainage, but additional information is biological activity on the whole. 


13. Aims of the study 


The aim of the present study was to collect 
information on biological activity in prima- 
rily the topmost 30-cm. peat layer both of 
certain natural and drained peatlands of 
different fertility, covered by different tree 
stands. In the drained areas observations were 
made at different distances from the drain. 
Particular attempts were made to find out 

at which depth in each area conditions 
change from aerobic to anaerobic and 

whether this limit is dependent on the 
depth of the ground water table, i.e., the 
efficiency of drainage. 

If this would be the situation, the next 
task was to find out 

whether this limit follows the fluctu- 
ation in the depth of the ground water table 
caused by rain and dry spells. 

The decrease in the oxygen content with 
increasing depth of the peat made advisable 
an attempt to establish 

-at which depth, above the limit men- 
tioned in the foregoing, oxidizing conditions 
are replaced by reducing and 


—at which depth reducing conditions 
grow so strong that sufficient amounts of 
oxygen are not available for aerobic microbe 
and tree root activity as well as 

-to what extent conditions of this kind 
can be changed by means of drainage. 

As no method has yet been developed to 
determine reliably the oxygen content of soil 
at different depths without changing the 
conditions in question, the following methods 
for indirect determination of the redox po- 
tential were used to reach the goals of the 
present work: 

1. the so-called Warburg method, which in 
the laboratory measures the gas exchange in 
peat samples and 

2.a method indicating the loss of dry 
weight of cellulose in situ. 

To indicate anaerobic conditions, the fol- 
lowing methods were used: 

1. a method based on discoloration of 
silvered rods of metal and 

2. determination of tree root penetration. 


2. METHODS OF STUDY AND PRELIMINARY EXPERIMENTS 


21. The Warburg method 


In measuring soil respiration, carbon di- 
oxide release is most commonly determined 
by letting CO, absorb into an alkaline solu- 
tion suited to this purpose. The determina- 
tion can be made under natural conditions, 
for instance, using gas volumeters (LUNDE- 
GARDH 1921, 1924; WarLıs and WILDE 1957; 
LASKOWSKI and MOoRAGHAN 1967), weight 
analysis (SIRÉN 1955, ELKAN and Moore 
1962), or colorimeters such as infrared or 
URAS gas analyzers (KoEpF 1953; FRERCKS 
1954; Vorat and MERGEN 1962; W1AnT 1967 
a, 1967 b, 1967 c, 1967 d). The quantities of 
carbon dioxide released from the soil can also 
be measured using bags of polymeric matter 
(BARTLETT 1965, MARTIN and Picotr 1965). 
The polymeric films used are permeable to 
carbon dioxide, oxygen, and nitrogen mole- 
cules, but impermeable to polar electrolyte 
solutions (SEVERINGHAUS and BRADLEY 
1958). Quite often, however, determinations 
are made on samples brought into the con- 
trolled conditions of the laboratory, using 
corresponding, or manometric, methods 
(CHASE and GrRAy 1953, 1957; Rovira 1953; 
STEVENSON 1956; STEVENSON and Katz- 
NELSON 1958; MEYER 1959, 1960; PAULI 
1965: LAHDE 1966 b; FUNKE and Harris 
1968). 

By means of the manometric methods car- 
bon dioxide release and oxygen uptake can be 
measured together. Consequently, it is also 
possible to determine the ratio of these gases 
to each other (CO,/O,), for which the charac- 
teristic RQ (respiratory quotient) is used 
(UMBREIT et al. 1951). By the aid of this ratio 
the redox conditions of peat samples can 
then be indicated (LAHDE 1966 b). 

In the present work the manometric War- 
burg method was used to determine the CO, 
release and respiratory quotient from peat 
samples. The Warburg technique for deter- 
mining the redox potential is based on the 
fact that peat samples taken from redueing 
conditions, on contact with free air, strongly 


absorb oxygen without releasing equal quan- 
tities of carbon dioxide. The further reduc- 
tion has developed under the conditions in 
question, the greater are the quantities of 
oxygen absorbed and the more rapid the rate 
of absorption. In aerobic soil respiration, free 
oxygen acts as a hydrogen acceptor. In an- 
aerobie conditions, on the other hand, this 
task must be performed by the oxygen of 
organic compounds (Russe 1961), and this 
leads to reduction of the substance in ques- 
tion. Thus, it can be seen that a chemical 
compound which has lost its oxygen takes it 
back on contact with free oxygen, i.e., a 
normal chemical equilibrium reaction takes 
place. 

Deficiency with regard to oxygen in the 
air space of soils may also occur, i.e., the 
partial pressure of oxygen becomes smaller 
than in free air. This happens when aerobic 
and facultatively aerobic microbes consume 
all the oxygen, which cannot be replaced by 
new oxygen because the connection to air has 
been broken. When samples taken from such 
conditions are examined in air, equalization 
of the partial pressures takes place. Of course, 
this equalization process takes place at a very 
rapid rate and in a shorter time than is 
required by the oxidation reaction in organic 
matter when this takes back the oxygen it has 
lost. Consequently, the Warburg apparatus 
probably measures the oxidation of reduced 
organic matter and not the equalization of 
partial pressures. However, since both of 
these processes take place at the same time 
and indicate oxygen deficiency in the peat, it 
makes no difference with regard to the results 
which process is measured on each separate 
occasion. 

Correspondingly, in almost anaerobic con- 
ditions, excess carbon dioxide accumulates in 
the soil. Hereby, the partial pressure of 
carbon dioxide in the soil becomes greater 
than in free air. In soil samples taken from 
such conditions, equalization of the partial 


pressures takes place immediately on contact 
with free air. This phenomenon, like the 
equalization of the above-mentioned partial 
pressure of oxygen, can hardly be measured 
in a Warburg apparatus. However, it has been 
established that the RQ may reach even 
considerably higher values than 1 (LAHDE 
1966 b), and this is probably due to oxidation 
of carboxyl or carbonyl groups to carbon 
dioxide. This phenomenon, however, was 
outside the scope of the present work. 

The Warburg apparatus used in the present 
work was model V 85, (manufacturer: Braun, 
Melsungen, West-Germany) equipped with 14 
manometers for determination of gas ex- 
change. As two thermobarometers were used 
in the experiments to check the changes in 
the pressure of the surrounding air, 12 flasks 
could be used for peat samples simulta- 
neously. A 1.5-cm? sample from homogenized 
peat was placed into each flask; then 2 ml. of 
distilled water was added. 0.2 ml. of 10- per 
cent KOH solution and a piece of filter paper 
to absorb the released CO, were placed in the 
central well of the flasks used for measuring 
O, uptake. 


Preliminary experiments 


Because there was a possibility that peat 
samples would have to be stored for some 
time before they were examined for the 
principal study, it was necessary to find out 
to what extent storage affected the gas ex- 
change of the samples. For preliminary ex- 
periments, four sample plots were chosen in 
1966, one of which was located in a natural 
Myrtillus spruce swamp, and the remaining 
three in a dwarf-shrub pine swamp at differ- 
ent distances from the drain. The same 
sample plots were also used for the principal 
study; in this connection they were identified 
with the aid of the following numbers: 99 
(natural MK), 31, 33, and 35 (IR, 5, 20, and 
40 m. from the drain) (Tables 11—12 p. 
20). For explanation of the abbreviations 
used, see p. 18. 

Samples were taken from two depths: 
namely, 5—8 and 20—23 cm. below the 
ground surface. They were stored in a 
refrigerator at approximately the same tem- 
perature (about + 5°C) from which they 
had been taken. Part of the samples taken 
simultaneously were stored intact, whereas 
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part of them were first homogenized. The 
longest storage period was 48 hours. With 
these samples the carbon dioxide release and 
oxygen uptake in the course of one hour were 
measured in terms of ul./1.5 cm?. In order to 
obtain the same temperature in all parts of 
the samples, the flasks were shaken in a War- 
burg apparatus for half an hour before start- 
ing measurement; this has been proved 
necessary in earlier investigations (LAHDE 
1966 b, 1966 c). 

In these preliminary experiments six ob- 
servations were made on each sample. In the 
statistical examination, analysis of variance 
and {test were employed, the least significant 
difference (HSD) being determined at the 
5-per cent level using Tukey’s method. 
Homogenizing the samples before storage at 
+ 5°C slowed down oxygen uptake in the 
samples taken from both 5—8 and 20—23 
cm. below the ground surface (Table 1). Like- 
wise, carbon dioxide release was weaker in 
samples taken from 5—8 cm. under the ground 
surface; however, the carbon dioxide release 
from samples taken from a depth of 20—23 
cm. showed an increase. For the 20—23 cm. 
peat layer, the result indicated that oxida- 
tion takes place in samples taken from 
reducing conditions and homogenized before 
storage. In samples taken from near the 
ground surface, the intensity of gas exchange 
showed a marked decrease already during one 
day of storage. 

Storage of the samples intact in plastic 
bags in a refrigerator, on the other hand, did 
not change the intensity of gas exchange to a 
statistically significant degree in the course 
of one or even two days (Tables 2—5). In 
some cases oxygen consumption showed a 
slight decrease, it is true (Table 2), but carbon 
dioxide release rather increased with pro- 
longed storage. It could also be established 
that the closer to the drain the samples had 
been taken, the smaller was the change in gas. 
exchange (Table 3). 

On the basis of the preliminary experi- 
ments concerning storage of samples, the 
conclusion was made with regard to the 
principal study that samples should be 
treated as soon as possible after their extrac- 
tion from the soil. If immediate treatment 
is not possible, samples should be stored 
intact in plastic bags in a refrigerator at. 
+ 5°C. 


Table 1. Gas exchange (ul./1.5 cm?/hr.) of peat samples taken from natural 
MK and homogenized before storage. F5 xy = 3.68. 


PR Depth, Time of storage, hr. p HSD 95 
i ò | A | #8 
Oz 5— 8 19.6 11.4 9.7 18.94*** 4.5 
CO, 5— 8 20.7 10.6 9.8 34.50*** 4.2 
O, 20 —23 9.8 6.2 3.9 9.26** 3.6 
CO, 20 —23 2.1 4.0 3.4 1.04 3.5 


Table 2. Gas exchange (ul./1.5 cm?/hr.) of peat samples taken from natural 
MK. Samples were not homogenized before storage. F5 % = 3.10. 


Time of storage, hr. 
Gas Dee. F 
o | 2 | 2% | 48 
Oz 5 8 15.8 14.4 13.7 12.7 0.65 
CO, 7 11.3 9.9 9.7 9.6 a 0.21 
Time of storage, hr. 
2 | 6 | 2 | 44 
O, 20 —23 13.1 13.5 12.4 12.5 0.14 
CO, 25 4.5 4.5 4.2 1.7 1.20 


Table 3. Gas exchange (41./1.5 cm?/hr.) of peat samples taken from drained 
IR at a distance of 5 m. from drain. Samples were not homogenized before 
storage. F5 y = 3.68. 


as Depth, Time of storage, hr. = 
oe o | 4 | 24 
0, 5—8 14.7 14.4 14.4 0.02 
CO, 14.7 15.3 14.7 0.01 
Time of storage, hr. 
2 | 2 | 30 
O, 3.8 4.2 4.0 0.01 
co, 20=23 3.6 | 4.9 | 3.5 0.81 


Table 4. Gas exchange (u1./1.5 cm?/hr.) of peat samples taken from drained 
IR at a distance of 20 m. from drain. Samples were not homogenized before 
storage. F5% = 3.68. 


on Depth, Time of storage, hr. P 
ik 0 | 16 | 24 
O, 5—8 12.2 11.1 12.7 0.41 
co, 11.5 10.0 11.8 0.34 
Time of storage, hr. 
2 | 18 | 42 
0, 4.1 3.9 4.1 0.01 
co, a 3.7 | 3.6 | 4.4 0.79 


Table 5. Gas exchange (w1./1.5 cm?/hr.) of peat samples taken from drained 
IR at a distance of 40 m. from drain. Samples were not homogenized before 
storage. F5 % = 3.68. 
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cm | Pa 
0 
O, 18.5 
co, “8 20.8 
4 
0, 34 
co, ie 3.4 


Since storage caused changes in the inten- 
sity of gas exchange in homogenized samples, 
it was considered also necessary to perform 
preliminary experiments on the length of the 
time of measurement; in other words, there 
was a need to find out how fast these changes 
take place in a Warburg apparatus. In this 
case, too, samples were taken from depths of 
5—8 and 20—23 cm. from natural Myrtillus 
spruce swamp (sample plot 99). Measurements 
were taken during a period of three hours at 
half-hour intervals (Table 6). The experiment 
was carried out using three replications, and 
analysis of variance was employed in the 
statistical treatment just as in the experi- 
ments mentioned above. In this preliminary 
experiment, too, the temperature of the sam- 
ples was allowed to equalize for half an hour 
before measurement. In the samples taken 
from both 5—8 and 20—23 cm. of depth, 
oxygen consumption slowed down with in- 
creased length of observation time (Table 6), 
although a statistically significant difference 
was recorded only for the lower peat layer. 


Time of storage, hr. 


| 2 | 24 
21.0 17.8 1.44 
21.6 19.3 0.47 
Time of storage, hr. 
| 22 | 44 
4.1 4.2 1.25 
3.0 3.5 0.17 


This slowing-down, however, was clearly 
visible only 1—2 hours after the beginning of 
the period of observation. No significant dif- 
ferences could be observed in carbon dioxide 
release, but the experiment nevertheless 
revealed a slight increase in carbon dioxide 
release only in the samples taken from the 
depth of 20 —23 cm. 

From the point of view of the principal 
study this preliminary experiment indicated 
that measurements should be taken during 
one hour immediately after the half-hour 
required for equalizing the temperature. Re- 
garding the temperature no preliminary ex- 
periments were made, but it was decided to 
carry out measurements at a constant tem- 
perature of 25°C because changes in tem- 
perature influence the gas exchange in the 
laboratory to quite a large extent (WIANT 
1967 c). The number of replications was re- 
stricted to three, and the gas exchange was 
expressed in terms of microlitres per 1.5 cm? 
using formulae of calculation derived previ- 
ously (UMBREIT et al. 1951). 


Table 6. Gas exchange (w1./1.5 cm?/hr.) during a 3-hour period of peat sam- 
ples taken from natural MK. F5 y = 3.11. 


Time of measurement, hr. 
aap es! p ERDE 
. 05 | 10 | 15 | 20 | 25 | 3.0 
O, | 5- 8 9.5 9.5 | 10.3 9.1 7.0 8.0 0.36 
co, 6.4 7.0 6.4 6.4 4.7 6.9 0.02 
O |20—23) 15.1 | 14.5 | 11.8 | 10.2 8.6 7.4 3.20*| 8.4 
CO, 2.4 5.4 3.8 3.4 3.7 6.2 0.86 


22. The cellulose decomposition method 


Decomposition of litter interested scientists 
even as early as the 19th century (e.g. EBER- 
MAYER 1876, MULLER 1887, RAMANN 1890). 
Decomposition experiments have been car- 
ried out both under natural conditions (Nöm- 
MIK 1938, Wirticu 1939, MıkoLA 1960, ZaGu- 
RALSKAYA 1967) and controlled conditions 
(MELIN 1930; BRoADFooT and PIERRE 1939; 
Vıro 1955, 1963; KucErA 1959; DAUBEN- 
MIRE and Prusso 1963; etc.) as well as in both 
the field and the laboratory (MIKOLA 1954 b). 

Study inglitterde composition under natu- 
ral conditions involves the difficulty of 
getting the litter into the soil without dis- 
turbing the natural conditions or losing part 
of the litter (MıkoLa 1954 b). To avoid this, 
litter placed in the soil has been surrounded 
by glass wool (MıkoLA 1954 b, 1960) or nylon 
net (Bocock and GILBERT 1957, SHANKS and 
Orson 1961), or placed in bags made of wire 
netting (NömMIK 1938) or perlon net (ZAGu- 
RALSKAYA 1967). In order to eliminate these 
sources of error the litter can be replaced by 
a material which partly or completely con- 
tains the same substances as occur in the 
litter. In this way the rate of decomposition 
can be measured, for instance, as the de- 
crease in tensile strength of viscose silk 
thread in the soil (RicHARD 1945), as the 
rate of decomposition of cellulose wadding 
(UnGER 1960) or, correspondingly, that of 
pieces of cellulose or cellophane (BERGER- 
LANDEFELDT 1960; PAARLAHTI 1964; LÄHDE 
1966 a, 1966 b). Species composition of mi- 
crobes can also be examined with the aid of 
cellulose of different forms that has been put 
in the soil (TRIBE 1957, 1960 a, 1960 b, 1961; 
RUSCHMEYER and Scumipt 1958; SCHMIDT 
and RUSCHMEYER 1958). Cellulose is a proper 
material particularly because peat normally 
contains a relatively large amount of it, or 
10—20 per cent (IsoraLo 1951), and because 


23. The silver 


From the viewpoint of plant activity, soil 
respiration undergoes a change when moving 
from the superficial aerobic soil layers to 
deeper anaerobic layers. Under certain condi- 
tions the limit between the aerobic and an- 
aerobic layers can be observed by the naked 


microbes do not synthesize new cellulose 
(MıkorLA 1954 b). In addition, cellulose de- 
composition is much slower in anaerobic than 
in aerobic conditions (TENNEY and Waks- 
MAN 1930). 

In the present study, cellulose decomposi- 
tion was chosen as one means for determina- 
tion of the biological decomposing activity of 
peat. The substance used in this connection 
was obtained from sheets of bleached sulfite 
cellulose measuring 1.5 mm. in thickness and 
containing about 95 per cent alpha cellulose. 
The pieces (5 x 3 em.) cut from the sheets 
were fastened with staples to the inside of 
bags made of nylon net, and these bags were 
placed in a vertical position in the soil so 
that the upper edge of the topmost piece was 
at ground level. Before this the pieces were 
weighed when air dry because the hygro- 
scopicity of cellulose would have made dry 
weight determination very slow. To determine 
the dry weight of the pieces their average 
moisture content (4.5- 5.5 per cent) was 
deducted from their air dry weight. 

In each nylon net bag six pieces were placed 
one after another; consequently, cellulose de- 
composition was studied by 5-cm. peat layers 
down to a depth of 30 cm. Study of deeper 
layers was not considered necessary because it 
has been established that the quantity of 
fungi strongly decreases down to a depth of 
30 cm. (WAKSMAN 1931, WAKSMAN and Pur- 
vis 1932) and even in areas drained long ago 
the changes taking place in the distribution 
of micro-organisms and nutrient conditions 
do not exceed this depth (PAARLAHTI and 
VARTIOVAARA 1958). 

The cellulose decomposition method did 
not require preliminary experiments because 
earlier information could be used (TRIBE 
1957; GoLLEY 1960; PAARLAHTI 1964; LÄHDE 
1966 a, 1966 b). 


rod method 


eye because the color of the peat changes 
from brown to grey or yellow (BURGEFF 
1961); however, soil samples taken from an- 
aerobic conditions may change their color 
when transferred into aerobic conditions 
(CzurDA 1940, BENDA 1957). 


Soils can be divided into layers on the basis 
of their redox potential, and these layers may 
be indicated by means of indicators of differ- 
ent kinds. Methylene blue, for instance, gives 
evidence of anaerobic conditions if it loses its 
color since, in the presence of oxygen, it 
remains unchanged (PEARSALL 1938, Hui- 
KARI 1954). Reduction of ferric iron into fer- 
rous iron, too, reveals that soil conditions are 
reducing (ORLov 1960, KarBAcu 1961). 

Under anaerobic conditions soil respiration 
produces not only nitrogen, hydrogen, carbon 
dioxide, and methane, but also bad-smelling 
and poisonous hydrogen sulfide (BENDA 1957, 
BuRGEFF 1961, RussELL 1961). This is be- 
cause decomposition of organic compounds 
containing sulfur produces inorganic hydro- 
gen sulfide. In aerobic conditions the hydro- 
gen sulfide is oxidized to sulfur or sulfates 
either spontaneously or through the action of 
sulfur bacteria. Only in anaerobic conditions 
does hydrogen sulfide remain in a gaseous 
form. Hydrogen sulfide may also be produced 
through desulfurication of sulfates by certain 
bacteria which are obligant anaerobes. 

Gaseous hydrogen sulfide reacts actively 
with heavy metals forming, for instance with 
silver, dark silver sulfide. On the basis of 
this reaction, anaerobic soil conditions can be 
indicated by means of silvered rods of metal 
that have been placed in the peat (BENDA 
1957, BURGEFF 1961). 

A method based on a similar idea was used 
in the present study, in this connection, how- 
ever, to indicate the limit between aerobic 
and anaerobic conditions. From brass tube 
measuring seven millimeters in diameter rods 
were made which measured 50 cm. in length 
(Fig. 1). These dimensions were arrived at on 
the basis of the preliminary experiments. The 
holes in the rod ends were closed by welding, 
and the rods were marked with short lines at 
5-cm. intervals beginning from their lower 
end. Silvering was done by dipping, and after 
this the rods were smoothed. 


Preliminary experiments 


Precipitation of silver sulfide onto the sur- 
face of the rods depends on many factors such 
as, for example, the hydrogen-ion concen- 
tration of the soil solution. Precipitation of 
silver sulfide, however, even takes place in 
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Fig. 1. Silver rods used in the study and their dis- 
coloration in certain natural peat sites. 


extremely acid conditions; therefore small 
quantities of sulfide-ions are enough to cause 
the reaction. In Finland the pH of peat 
usually varies between 3 and 5, and con- 
sequently, acidity is no obstacle for Ag,S 
precipitation. On the other hand, the concen- 
tration of the gas naturally influences the 
reaction, while the temperature affects the 
rate of dissolving of Ag,S, too. 

During the summers of 1965 and 1966 
preliminary experiments were carried out on 
the use of this method. The intention was to 
find out whether any discoloration occurs in 
various places, and if so, what kind, how 
rapid this reaction is in nature, and whether 
the differences in spring and summer tem- 
peratures affect the reaction. 

Part of these preliminary experiments were 
carried out in the late spring (at the end of 
May), and part of them in the months of July 
and August, when soil temperature had 
clearly risen from its level in the spring (cf. 
e.g. Fig. 6, p. 31). As objects of this experi- 
ment, the same sample plots were chosen as 
for the preliminary experiments on the War- 
burg method (p. 9): namely, the natural 
Myrtillus spruce swamp (sample plot 99) and 
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the 5, 20, and 40-m. distances from the drain 
in drained dwarf-shrub pine swamp (sample 
plots 31, 33, and 35) and, in addition to these, 
a natural dwarf-shrub pine swamp (sample 
plot 64) and a low-sedge bog (sample plot 27). 
Investigations into the difference between 
spring and midsummer conditions were done 
only in the natural Myrtillus spruce swamp 
(sample plot 99). Tables 7—9 show the results 
obtained. 

In the drained IR sample plot, at a distance 
of 5 m from the drain (sample plot 31), no 
discoloration of the rods was observed; there- 
fore, no results from this plot are included in 
the table. For further study of sample plots 
giving such results, a few silver rods meas- 
uring 80 cm. in length were made. 

The experiments showed that, irrespective 
of when and where (Tables 7—9) the rods 
were placed, discoloration took place in the 


course of a few hours after they had been 
placed in the soil. In deeper peat layers the 
reaction seemed to require more time than in 
more superficial layers, but in the course of 
two days, discoloration took place down to a 
depth of 50 cm. This difference was evidently 
due to differences in soil temperature, and 
there seemed to be no difference between the 
results obtained in the spring and in the 
summer (Tables 7— 8, cf. also Fig. 6). 

Intensity of the discoloration seemed to 
vary at different depths and in different 
sample plots; consequently, it was decided to 
divide the results into two classes as follows: 

1. discoloration weak, but clearly discer- 
nible (indication —) 

2. discoloration strong (indication =). 

The most important point along the dis- 
colored part of the rods (on which an ex- 
ample is shown in Fig. 2, p. 16) naturally was 


Table 7. Aerobic limit and discoloration of silver rods during a 52-hour period in natural MK peat. Experi- 
ment started on May 23, 1966. 
a o 


Time, Rod Aerobic limit and Time Rod Aerobic limit and 
hr. no. anaerobic layer, hr. no. anaerobic layer, 
cm. cm. 
——ŘŘ ŘS 
1 1) 34 —37 =50 1 5—50 
3 2 7—10 28 2 2—27 
3 38 —42 3 0—22, 28—40 
a OT eS 
1 3- 5 1 6— 7, 23—45 
4 2 — 35 2 3— 5=15-31 
3 8-11, 25—30 3 3— 5=10—38 
1 u 1 4— 5=10-50 
7 2 11—12, 35—40 40 2 2— 7=15-50 
3 24 —25 3 5 —12 —43 =50 
1 5—10, 30—35 1 11 —12, 20—25, 33—35 
12 2 5—15, 29—40 44 2 7 —40 =48 
3 4=14, 32—42 3 7—45 
1 8—11 =35 1 0— 5, 19-30 
16 2 10 —20, 28 —40 46 2 19—35 
3 6—10, 31—40 3 6—12, 25—45 
1 8— 9, 16—18, 24—40 1 2= 7-14=20 -40 
20 2 3—20, 24 —32 52 2 3=11—45 
3 4—17, 20—40 3 0= 7-30 
1 2—30 
24 2 4—21, 24—35 
3 2= 5-17, 25—30 


1) — Discoloration weak 
= Discoloration strong 
—— No discoloration 


Table 8. Aerobic limit and discoloration of silver rods during a 72-hour 
period in natural MK peat. Experiment started on July 18, 1966. 


Time, | Rod Aerobic limit and Time Rod Aerobic limit and 
hr. no. anaerobic layer, hr. f no. anaerobic layer, 
cm. em. 
1 — 1 11—40 
4 2 —— 44 2 12=20 — 32 
3 1) 45-50 3 18—28 
1 = 1 18=25—50 
8 2 12—14, 21—30 48 2 10—40 
3 12—14 3 11—12, 16—45 
1 6—14 1 9—50 
16 2 10—12 52 2 8—44 
3 6—11 3 13=17, 23—50 
1 13—16 1 10—41 
20 2 11—13, 29—31 56 2 11—38 
3 7—13 3 8—42 
1 12—40 1 11—50 
24 2 20—35 64 2 11—50 
3 15—35 3 11—50 
1 9—35 1 10—25 
28 2 8=10—35 68 2 16—37 
3 9=18—42 3 20—50 
1 5—25 1 11=16, 17=50 
32 2 8—50 72 2 14—24=50 
3 9—45 3 16—21 =32— 40 =50 
1 5—26 
40 2 6—30 
3 17—37 
1) — Discoloration weak = Discoloration strong —— No discoloration. 


Table 9. Aerobic limit and discoloration of silver rods during a 72-hour 
period in peat of different sites. Experiment started on July 24, 1966. 


Aerobic limit and anaerobic layer, cm. 


Te, Roa Site and distance from drain (m.) 
IR 20 | IR 40 IR, natural | LkN, natural 
1 — as Ga 11—50 
8 2 — — 46—50 11—25 
3 = —- 42—50 16—40 
1 — = 18 — 24 6—50 
12 2 —— == — 4—50 
3 1)45—47| — 20—26, 45—50 6—50 
1 = 6—27 | 13—28, 38—50 | 11—50 
24 2 — | 42—47 | 13—30 14—50 
3 35—40 | 43—50 | 12—34, 40—49 | 11—45 
1 — —— 19—50 7=10—30 
32 2 40—41| 35—40 | 27—50 15—50 
3 48—50| 32—33 | 28—50 5—50 
1 — | 41-45 | 20—50 4—43 
40 2 —— | 35—42 | 22—50 5—50 
3 —— | 43—44 | 28—50 9—37 
1 — | 40—45 | 15—50 7—50 
48 2 = 37—47 | 10—13=25—50 7—50 
3 47—50| 46—47 | 11=22—50 10—47 
1 — | 32—44 | 15—25 8—32 
64 2 — | 31—36 | 14—15 10—50 
3 43—48 | 30—50 7—17 8—50 
1 — | 36—37 | 10—25 7—50 
72 2 — | 22-34 | 15—24, 40—43 8—12=16—50 
3 46—48 | 35—40 | 18—33 3=8—50 


1) — Discoloration weak = Discoloration strong —— No discoloration. 
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its uppermost point. In the present work 
this limit is termed the aerobic limit, and it 
was measured using a degree of precision of 
one centimeter. 

On the basis of the results from these pre- 
liminary experiments, it was decided to 
observe the discoloration of the rods at 3-4 
day intervals. Because the experiments indi- 
cated that, at least to some degree, the aerobic 
limit follows the fluctuations in the depth 
of the ground water table, measurements on 
the depth of the ground water table were 
done simultaneously. Each time the rods were 
lifted, after the measurements were taken, 
the rods were cleaned of silver sulfide with 
wadding intended for silver cleaning. This 
made it possible to use the rods again im- 
mediately. How many times the rods can be 
used naturally depends on the thickness of 
the silver film, but at least in the present work 
the same rods could be used the whole time 
(for about three summers) without wearing 
the silver layer too much. 


Fig. 2. Close-up showing discoloration of silver rods. 


24. Other measurements 


In addition to the determinations presented 
above, measurements were also carried out 
in certain sample plots in order to discover 
the penetration of pine and spruce roots, or 
their lower limit of occurrence. It is known 
that roots require oxygen for their vital 
activities, and on the basis of this fact, it can 
be concluded that root penetration indicates 
the thickness of the aerobic peat layer. 

This study was carried out as follows: In 
each sample plot, peat samples were taken 
from 10 places (cf. Fig. 3, p. 19) to a depth of 
40 cm. The samples were cut into pieces, each 
of which represented a 2-cm. peat layer. No 
attention was paid to the quantity of roots in 
each sample; it was only checked to see 
whether or not short roots occurred. The 
samples were mainly studied macroscopically, 
but in uncertain cases a microscope was used 


for final determination. Because roots of 
birch may better endure conditions free from 
oxygen than those of pine or spruce (Hut- 
KARI 1954, 1959 a; OrLov 1960; PAAVILAINEN 
1966 b), they were disregarded. 

It was also considered necessary to make 
observations on the acidity and nutritional 
state of the sites studied. Since certain 
microbe species or groups can exist within a 
limited range of pH only (Waxsman 1931, 
IsoTALo 1951), acidity affects the biological 
activity of soil. Soil acidity also varies quite 
much depending on the disposition to decom- 
position and the heterogeneity of organic 
matter as well as on ecological factors (WILDE 
1954, L6rscHERT and Horst 1962, VEZINA 
1965). This variation is both local and tem- 
poral in nature. Temporal changes are mainly 
affected by properties of the litter and varia- 


tion in the weather factors (BowsER and 
LEAT 1958, PEEcH 1965). 

In the present work pH determinations 
were made chiefly in connection with the 
Warburg experiments (apparatus: model E 
396, manufacturer: Metrohm A.G., Herisau, 
Switzerland). As solvents, both distilled 
water and 0,1 M KCI solution were used. One 
part of the sample substance was dissolved 
into three parts of solvent, and the dissolving 
time employed was four hours. 

From the viewpoint of the biological 
activity of peat, its nutrient contents are of 
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essential importance. The more nutrients 
there are in the litter accumulating in the 
soil, the faster are the various biological 
processes taking place there. For this reason 
it was considered necessary to determine the 
nutrient contents of the soil of the various 
objects of the study. Analyses, however, were 
restricted to the following matters: N, K,O, 
P,O;, and CaO. Analyses were carried out 
employing customary laboratory methods, 
and the nutrient contents were expressed as 
per cents of the dry weight. 


3. STUDY AREAS 


31. Sample plots and experimental design 


The data of the present study were mainly 
collected during the summer of 1967. The 
experimental areas were located in the im- 
mediate surroundings of the Forestry Field 
Station of the University of Helsinki on the 
land of Korkeakoski Forest District (61° 
50’N and 42° 20’E). The greatest distance 
between two sample plots of this study was 
about 15 km., and therefore the differences in 
weather conditions between the sample plots 
were small. 

The altitude of the study area varies be- 
tween 135 and 155 m. above sea level. The 
mean annual temperature is + 3° C. Annual 
rainfall averages 600 mm., and of this about 
300 mm. falls in the period May-September. 
Evaporation is about 300 mm./yr. Data on 
the weather conditions during the summer of 
1967 are presented in Figs. 4—5, pp. 30—31. 

In the study area 84 sample plots were laid 
out, distributed on three different peatland 
site types: namely, low-sedge bog (LKN), 
dwarf-shrub pine swamp (IR), and Myrtillus 
spruce swamp (MK) ?. Each site type was re- 
presented by two sample plots in a natural 
state, and 26 sample plots located in drained 
areas. The sample plots of the drained areas 
were laid out in drainage areas as old as 
possible where the drains had been cleaned 
carefully; this was done to get areas for study 
where the influence of drainage on the bio- 
logical activity of the peat had had time to 
develop as far as possible. 

The sample plots were placed according to 
two different systems with respect to the 
drains (Fig. 3). On normal strips the sample 
plots were placed in lines at distances of 5, 
10, 20, 30, and 40 m. from the drain. On so- 
called V-shaped strips, on the other hand, the 
sample plots had to be placed differently. 
This can be seen from the figure. In the 
summer of 1966 two or three ground water 


1 For information on Finnish peatland site clas- 
sification, see HEIKURAINEN 1964. 


holes were dug in the sample plots irrespective 
of the shape of the strip. In sample plots with 
a thin peat layer the ground water holes, 
which had a diameter of about 15 cm., were 
dug to a distance of not more than 10 cm. 
from the mineral soil, and in soils with a 
heavy peat layer their depth was 1 m. The 
holes were covered by a piece of asphalted 
felt, although this is probably not necessary 
(MALMSTROM 1931; LumrIALA 1944; HoL- 
STENER-JORGENSEN 1956, 1958; HEIKURAI- 
NEN 1963. 

Since a large number of sample plots were 
established (84), all kinds of measurements 
could not be done in each sample plot; in- 
stead they were divided into principal and 
supporting sample plots (Tables 10—15, pp. 
20 - 22). The category of principal sample 
plots was represented by the natural sample 
plots as well as those of the V-shaped strips. 
The sample plots were numbered by sites. 

Measurements of the tree stand of the 
sample plots were taken from circular sample 
plots. The situation of these sample plots for 
stand mensuration can be seen from Fig. 3. 
The sample plots on V-shaped strips and in 
natural sites measured 0.01 ha. and the oth- 
er sample plots, 0.02 ha. in area. 

Peat samples were extracted from the soil 
by means of a sampling device with a length 
of 45 cm. and a quadratic cross section 
5 x 5 em. For treatment in the Warburg 
apparatus, pH determination, and nutrient 
analyses, samples were taken from six places 
in each sample plot (see Fig. 3, p. 19) and 
from six depths in each of these places: 
namely, 0 —3, 5—8, 10 —13, 15—18, 20 —23, 
and 25 —28 cm. from the ground surface. For 
each site such determinations were made for 
the principal sample plots which were located 
in natural areas, and for drained sites, at 
distances of 5, 20, and 40 m. from the drain. 
The Warburg samples were taken from the 
soil between 8 and 9 a.m. It has been estab- 
lished that the intensity of soil respiration 


Normal strips 


V- shaped strips 
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Natural 


Cellulose bags. 10 per sample plot at about 1-m. intervals. 
O Ground water holes. 2—3 per sample plot at 2 or 2.5-m. intervals. 
go Sampling points. 6 or 10 in sample plots on V-shaped strips and natural peat in areas surrounded 


by cellulose bags. 


. Silver rods. 6 at a distance of 0.5—1.0 m. from ground water holes. 
O Center of plot of stand measurement. 1 or 2 per sample plot with a radius of 4 m. 
— — — Drain. Distance from sample plot center 5, 10, 20, 30, or 40 m. 


Fig. 3. Location of sampling points in different sample plots. 


varies in the course of the day and night in 
accordance with temperature fluctuation 
(Dönnorr 1927, MEINECKE 1927, JOHANSSON 
1929) and moisture variation (PoRKKA 1931 
a, 1931 b). Before the actual measurement 
was carried out the samples taken from the 
same peat layer at different points in the 
sample plots were combined and homogenized 
by hand. In the afore-mentioned principal 
sample plots measurements were also taken 
on root penetration. For this, however, 
samples were taken from ten points by layers 


measuring 2 cm. in thickness down to a depth 
of 40 cm., and these samples were naturally 
not combined or homogenized. 

Discoloration of silver rods to determine the 
aerobic limit was studied in each sample plot, 
including both the principal and the sup- 
porting sample plots. Six rods were used in 
each sample plot. Observations on the dis- 
coloration were made at 3—4 day intervals at 
the same time as the depth of the ground 
water table was measured. 

Determinations of the loss of dry weight of 
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Table 10. Basic data on the tree stand, peat layer, and drainage of the LkN sample 
plots of the principal material. 
a ee ee en men 


Distribution of 
Sample | Distance | Year of 2 2 Volume, | growing stock by tree Incre- 
plot |from drain,| drain- layer. m’/ha. species, pet ment, 
no. m. age cm. — | m?/ha./yr. 
Pine | Spruce | Birch 
1 5 57 100 7 
2 10 43 100 3 
3 20 3 100 0.3 
4 30 2 100 
5 40 a y 2 100 A 
6 5 0 ZS = 14 80 20 1.1 
7 10 i es = 38 100 3.3 
8 20 Phe A 3 100 0.2 
9 30 DEL A 100 A 
10 40 | 383 A 100 A 
27 natural treeless 
28 » treeless 


Table 11. Basic data on the tree stand, peat layer, and drainage of the IR sample 
plots of the principal material. 
TEASEE 

Depth Distribution of 


Sample | Distance | Year of | of cent Volume, | rowing stock by tree Incre- 
plot from drain, drain- layer, m?/ha. species, pet ment, 
no. m. age cm. — ath, yr. 

Pine | Spruce| Birch 
31 5 70 297 100 A 6.1 
32 10 90 69 100 1.8 
33 20 110 113 100 3.6 
34 30 120 50 100 1.7 
35 40 & 130 62 100 2.5 
36 5 Y 5 100 67 100 A 2.6 
37 10 22 100 95 100 | A 3.2 
38 20 "E-i 130 99 100 4.2 
39 30 SES > 150 111 100 4.6 
40 40 cea > 150 23 100 1.1 
63 natural > 150 34 100 1.2 
64 » > 150 92 | 100 4.9 


Table 12. Basic data on the tree stand, peat layer, and drainage of the MK sample 
plots of the principal material. 


Depth Distribution of 
Sample | Distance | Year of | of peat | Volume, | growing stock by tree Incre- 
plot |from drain,} drain- layer, m?/ha. species, pet ment, 
no. m. age cm. -rr | m?/ha./yr. 
Pine | Spruce | Birch 
66 5 80 216 100 12.4 
67 10 70 95 90 10 4.7 
68 20 80 105 100 6.8 
69 30 80 100 90 10 5.0 
70 40 & 80 119 10 80 10 6.6 
71 5 ne 5 80 265 100 3.3 
v 
72 10 7 z = 70 289 100 3.9 
73 20 on™ 60 207 100 3.3 
74 30 SEL 60 66 100 3.5 
75 40 =e 50 20 20 70 10 1:1 
98 natural > 150 100 20 60 20 3.0 


99 » 70 211 20 70 10 2.5 


Table 13. Basic data on the tree stand, peat layer, and drainage of the LkN sample 
plots of the supporting material. 
eer eee 
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7 Depth Distribution of 
Sample Distance Year of | of peat | Volume, | 8towing stock by tree Incre- 
plo from drain,| drain- layer, m3/ha. species, pet ment, 
no. m. age cm. | m?/ha./yr. 
Pine | Spruce| Birch 

11 5 1 100 A 
12 10 1 100 A 
13 20 1 100 A 
14 30 treeless 

15 40 treeless 

16 5 > 1 100 A 
17 10 = 3 1 100 A 
18 20 m - 1 100 0.1 
19 30 s A A 100 A 
20 40 = A 100 A 
21 5 8 3 100 0.3 
22 10 o% 3 100 0.3 
23 20 =S 8 100 0.4 
24 5 ae 2 100 0.2 
25 10 a = 7 100 0.5 
26 20 ur 3 100 0.2 


Table 14. Basic data on the tree stand, peat layer, and drainage of the IR sample 
plots of the supporting material. 


P Depth Distribution of 
Sample | Distance | Year of | of peat | Volume, |growing stock by tree] Incre- 
plot |from drain,} drain- layer, m?/ha. species, pet ment, 
no. m. age oe — | m?/ha./yr. 
5 Pine |Spruce| Birch 

41 5 80 174 80 | 20 8.5 
42 10 100 137 90 | 10 7.2 
43 20 120 46 100 2.0 
44 30 140 56 100 2.2 
45 40 £ 140 58 80 10 10 2.0 
46 5 g? 150 214 80 10 10 7.3 
47 10 88 150 97 50 | 20 | 30 4.0 
48 20 | ee 150 70 40 | 20 | 40 3.9 
49 30 = Be 150 87 100 3.7 
50 40 ss 150 70 100 2.0 
57 5 100 70 100 3.7 
58 10 90 54 100 2.2 
59 20 1947 90 35 100 1.5 
60 5 90 57 100 4.0 
61 10 80 51 100 3.1 
62 20 90 40 100 2.1 


cellulose were also done in all the 84 sample 
plots. In each sample plot ten bags of nylon 
net containing pieces of cellulose were placed 
in the soil in the places also shown in Fig 3. 
The bags were placed in the soil on May 27 
and lifted on September 7—8; between these 
dates the other measurements of the principal 
study were done. 


To the greatest possible degree the data 
collected were handled using statistical 
methods; these are explained separately in 
connection with the presentation of the 
results in question. The statistical tables used 
were those of LINDLEY and MILLER (1962). 
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Table 15. Basic data on the tree stand, peat layer, and drainage of the MK sample 
plots of the supporting material. 


Depth 
Sample | Distance | Year of 
piot from drain,| drain- en i 
no. m. age cri: 
76 5 80 
77 10 70 
78 20 5 50 
79 30 = 60 
80 40 A 50 
81 5 = 50 
82 10 ” 40 
83 20 40 
90 5 150 
91 10 130 
92 20 = 120 
93 30 = 100 
94 40 al 70 
95 5 S 50 
96 10 = 40 
97 20 30 


Distribution of 
Volume, | growing stock by tree Incre- 
m3/ha. species, pet ment, 
: — |} m}? ha. /yr. 
Pine | Spruce| Birch 


93 90 10 2.1 
198 100 A 3.7 
244 100 6.1 
182 10 80 10 6.8 
167 A 80 20 .d 
147 70 30 8.0 
173 100 6.7 
204 70 30 9.8 
241 20 70 10 6.3 
187 100 6.2 
243 40 50 10 7.0 
187 90 10 7.8 
221 60 40 7.6 
110 30 50 20 5.8 
116 30 70 5.9 
105 30 40 30 5.5 


32. Properties of the peat of the sample plots 


In some of the principal sample plots, i.e., 
in all natural sample plots and those located 
at distances of 5, 20, and 40 m. from the 
drain, the type of peat and its degree of 
humification at different depths were deter- 
mined (Table 16). In peatland sites originally 
covered by forest growth the degree of 
humification clearly seems to increase by 
greater depths, whereas, in the sample plots 
in low-sedge bogs (sample plots 1—28), no 
distinct differences in the degree of humifica- 
tion could be observed between the surface 
peat and deeper (20—28 cm.) layers. With a 
few exceptions, the peat of low-sedge bogs 
was Sphagnum peat; in the sample plots of 
dwarf-shrub pine swamps and Myrtillus 
spruce swamp, on the other hand, the peat 
type varied within considerably broader 
limits. 

As has already been mentioned (p. 17), 
determinations of peat acidity were made in 
connection with the Warburg determinations 
in both distilled water and 0.1 M KCI solution. 
On one hand, comparisons were made be- 
tween all the principal sample plots (Tables 
24 —25, pp. 26—27), and on the other hand, 
between groups of sample plots classified ac- 
cording to the site, distance from the drain, 
and date of measurement (Tables 17—23, pp. 


24—25). Statistically significant differences 
at the 5-per cent level between different 
sample plots and peat layers were calculated 
from cH values by means of analysis of 
variance and ¢ test (Tukey’s method). In the 
tables significant differences have been indi- 
cated by lines; the figures united by a line 
do not differ significantly from each other. 
This manner of examination presupposes that 
pH values are arranged in order of size accord- 
ing to the cH. For example, in sample plot 
31 in Table 17 the depth layers differed from 
each other as follows: the 15-18 cm. and 
20 -23 cm. layers differed from the 5—8 and 
0—3 em. layers. For sample plot 27 in Table 
18 no significant differences were indicated 
between different layers. 

Usually after drainage of peatlands soil 
acidity increases (KOTILAINEN 1927, Lux- 
KALA 1929, WAKSMAN and Purvis 1932). 
This conclusion is also supported by the 
measurements done in the present work 
(Table 23), although sample plot 63, which 
was located in a natural dwarf-shrub pine 
swamp, is an exception to this rule for the 
topmost 10-cm. peat layer. 

Examination of the acidity of peat samples 
taken from different depths (Tables 17 --22) 
indicates that the surface peat in LkN and 
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Table 16. Vertical distribution of the peat type (HEIKURAINEN 1964) and degree 
of humification (according to v. Post) in certain sample plots. 


Sample Distance 
plot from drain, 

no m. 0—3 | 5—8 
1 5 NS, S, 

3 20 S, S3 

5 40 S, ErS, 

6 5 NS, S, 

8 20 S, S; 
10 40 S, ErS, 
27 natural S, ErS, 
28 natural S, S> 
31 5 L MS, 
33 20 NS, NS, 
35 40 L NS, 
36 5 L S; 
38 20 L S; 
40 40 ErS, S; 
63 natural NS, S, 
64 natural S, ErS, 
66 5 MC, MC, 
68 20 MS, MC, 
70 40 S, MS, 
71 5 L MCS; 
73 20 L MCS, 
75 10 NS, MSC, 
98 natural ErS, MS, 
| 99 natural NS, MS, 


C = Carex peat 

L = Litter 

S = Sphagnum peat 
MC = Woody Carex peat 
- Woody Sphagnum-Carex peat 
- Carex-Sphagnum peat 


- Woody Sphagnum peat 
- Woody Carex-Sphagnum peat 


Depth, cm. 
| 10—13 | 15—18 | 20—23 | 25—28 


S, S, ErS, S; 
S, Ss S; S3 
ErS, ErS, S; S; 
a. z Ss a 
2 2 2 2 
rS, 7 rs, 
S S, ErS, S, 
MS, CS, cs, CS, 
S, MS, CS, MCS, 
NS, Se CS, CS, 
S, S; MS, S; 
S, MS; S; S; 
NS: = se er. 
3 3 2 2 
MS, MS, MS, MC, 
Mc, | MSC, | MC, | MC, 
MSC, MC, | MSC, | MCS, 
MS, CS, MSC, MCS, 
MSC, | MSC, | MCS, C 
MSC, | MSC; | MC, | MC, 
MC, | MC, | MC, | MC, 
MS, MS, | MSC, | MSC, 
MS, | MSC, CS, | MCS, 


ErS = Eriophorum vaginatum-Sphagnum peat 


NS = Sphagnum peat with shrubrests 


IR sample plots was of lower acidity than 
that of deeper peat layers. In MK sample 
plots (Tables 19 and 21), however, the situa- 
tion was contrary to this. In consequence, 
although the surface peat (at a depth of 5—8 
cm.) did not differ much in acidity between 
different sample plots, MK sample plots 
showed lower acidity than LkN and IR 
sample plots at greater (20--23 cm.) depths 
(Table 24). 

Similar pH values were also obtained for 
peat samples mixed with 0.1 M KCI solution 
(Table 25). Due to the solvent, however, the 
pH values of peat mixed with KCl solvent 
were almost one pH unit lower than those of 
samples that had been mixed with distilled 
water. The difference is probably due to the 
fact that, when using distilled water as a 


solvent, the pH of the soil water is measured, 
whereas use of the KCl solution gives the 
total pH. 

Like the acidity, the nutrient content of 
soils also indirectly influences the biological 
activity of peat. With respect to plant 
growth, the most important nutrients in 
addition to nitrogen are potassium and phos- 
phorus. Quite a strong correlation has been 
established between the peat type and its 
nitrogen content (PARKER 1962, HOLMEN 
1964). The nitrogen content increases with 
increasing degree of humification (WAKSMAN 
and Purvis 1932, IsoraLo 1951, HOLMEN 
1964), and so there is, for example, less nitro- 
gen in plants growing on peat than in the 
peat itself (KıvınEen 1933). This seems also to 
be the situation in the sample plots of the 
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Table 17. Acidity of IR peat samples mixed in distilled water. Measured on June 29 —30, 1967. 


EEE EEE 1 


Sample plot no. Sample plot and its distance from drain (m.) 
Depth, 31 | 33 | 35 | 64 31 6) | 3 (20) 35 (40) | 64 (nat.) 
pH Significant differences between depth layers 
es ee ee ee. ee 
0— 3 | 41 4.1 4.0 | 4.3 | 15—18 10—13 20 — 23 15—18 
5— 8 | 3.9 | 3.8 | 3.9 | 4.1 | 20—23 20 —23 15—18 10—13 
10=13 | 3.8 | 3.7 | 3.8 | 3.9 | 10—13 15—18 25—28 25 —28 
15—18 | 3.7 | 3.8 | 3.8 | 3.9 | 25—28 25—28 10—13 20 — 23 
20—23 | 3.7 | 3.7 | 3.7 4.1 5— 5— 8 5-8 5-8 
25—28 | 3.8 | 3.8 | 3.8 | 4.0 0-3 0—- 3 0—- 3 0— 3 
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Table 18. Acidity of LkN peat samples mixed in distilled water. Measured on July 3—4, 1967. 


Sample plot no. Sample plot and its distance from drain (m.) 
Pew ee ee 1 6 | 3 @) | 5 (40) | 27 (nat.) 
pH Significant differences between depth layers 
0— 3 | 3.9 | 4.0 | 3.9 | 4.3 | 25—28 10—13 20 —23 | 15—18 
5— 8 | 3.8 | 42 | 4.1 | 4.2 | 20—23 25—28 25—28 5— 8 
10—13 | 3.9 | 3.8 | 4.0 | 4.2 | 15—18 15—18 (= 3 10—13 
15—18 | 3.8 | 3.9 | 4.0 | 4.2 | 5— 8 20—23 15—18 25—28 
20—23 | 3.6 | 3.9 | 3.8 | 4.2 | 10-13 0— 3 10—13 20 —23 
25-28 | 3:5 | 3:8.) 3.9 | 42 | 0-3 5-8 8 | 0s 3 


Table 19. Acidity of MK peat samples mixed in distilled water. Measured on July 13 —14, 1967. 


Sample plot no. Sample plot and its distance from drain (m.) 
"a a | oe | we | % 71 6 | 73 eo | 75 (40) | 98 (nat.) 
pH Significant differences between depth layers 
0— 3 | 3.7 | 3.9 | 3.7 | 3.9 5-8 10—13 5— 8 | 15—18 
5— 8| 3.5 | 3.6 | 3.6 | 4.1 | 10—13 5— 8 10—13 20 —23 
10—13 | 3.5 | 3.6 | 3.7 | 4.0 | 15—18 15—18 0— 3 | 0- 3 
15—18 | 3.5 | 3.7 | 4.0 | 3.8 | 20—23 20 —23 15—18 25 —28 
20—23 | 3.6 | 3.8 | 4.1 | 3.8 0- 3 0— 3 20 —23 10—13 
25—28 | 3.8 | 4.0 | 4.3 | 4.0 | 25—28 25 —28 25 —28 5-— 8 


Table 20. Acidity of IR peat samples mixed in distilled water. Measured on July 19 —21, 1967. 


Sample plot no. Sample plot and its distance from drain (m.) 
Depth, 36 | 38 | 40 | 63 36 (5) | 38 (20) | 40 (40) | 6 (nat.) 
pH Significant differences between depth layers 
0— 3 | 4.0 | 4.0 | 4.2 | 3.7 | 25—28 15—18 15—18 25 —28 
5— 8 | 3.9 | 3.9 | 4.0 | 3.7 | 15—18 25 —28 25 —28 20 —23 
10-13 | 3.8 | 3.9 | 3.8 | 3.7 | 20-23 || 20 —23 20 — 23 5-8 
15—18 | 3.6 | 3.5 | 3.7 | 3.8 | 10-13 5— 8 10 —13 0— 3 
20—23 | 3.7 | 3.7 | 3.7 | 3.7 5-8 10—13 5-8 10—13 
25—28 | 3.6 | 3.7 | 3.7 | 3.7 0— 3 0— 3 0—- 3 15—18 
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Table 21. Acidity of MK peat samples mixed in distilled water. Measured on July 19 —21, 1967. 
Sample plot no. Sample plot and its distance fron drain (m.) 
Depth, is.) se en a ea 
cm.” | 66 | 68 | 70 | 99 66 6) | 68 (20) | 70 (40) | 99 (nat.) 
pH Significant differences between depth layers 
O— 3 | 4.1 | 3.9 | 4.2 | 4.0 5— 8 0-3 10—13 15—18 
5— 8 | 3.9 | 3.9 | 3.9 | 4.0 | 20—23 10—13 5— 8 10—13 
10—13 | 4.0 | 3.9 | 3.9 | 3.9 | 10—13 5- 8 15—18 5-8 
15—18 | 4.1 | 4.0 | 4.0 | 3.9 | 15—18 15—18 20 — 23 20 —23 
20—23 | 4.0 | 4.2 | 4.0 | 4.0 0— 3 20 —23 0- 3 0-3 
I 25 —28 | 4.1 | 4.4 | 4.2 | 4.1 | 25—28 25—28 25—28 25 —28 
Table 22. Acidity of LKN peat samples mixed in distilled water. Measured on July 24 —26, 1967. 
Sample plot no. Sample plot and its distance from drain (m.) 
Death. [75 | 8 | 10 | 28 6) | 8 (20) 10 (40) | 28 (nat.) 
pH Significant differences between depth layers 
0— 3 | 4.0 | 3.8 | 3.9 | 4.0 | 25—28 25—28 0- 3| 25—28 
5— 8| 3.9 | 4.0 | 4.2 | 4.0 | 15—18 0— 3 15—18 10—13 
10—13 | 3.9 | 3.8 | 4.1 | 3.8 | 20—23 10—13 25—28 15—18 
15—18 | 3.7 | 3.8 | 4.1 | 3.8 | 10—13 15—18 20 —23 20 —23 
20 —23 | 3.7 | 3.9 | 4.1 | 3.9 5— 8 20 —23 10—13 0— 3 
25—28 | 3.7 | 3.8 | 4.1 | 3.8 Q= 3 5— 8 5— 8 5-8 


Table 23. Test of the statistical significance of the differences among the pH values presented in Tables 
17 —22. 


Depth, Significant differences among sample plots within various sample plot groups 


0- 3 35 33 31 64 1 5 3 27 | 71 75 73 98 | 63 38 36 40 | 68 99 66 70 8 10 28 6 


5— 8 | 33 35 31 64 1 5 27 3 |71 75 73 98 | 63 38 36 40 | 66 68 70 99 | 6 28 8 10 


10 —13 33 31 35 64 3 1 527 | 71 73 75 98 | 63 40 36 38 | 68 99 70 66 | 28 8 6 10 


15—18 | 31 35 33 64 1 3 527 | 71 73 98 75 | 38 36 40 63 | 99 70 68 66 | 6 28 8 10 


20 —23 35 31 33 64 1 5 327 | 71 98 73 75 | 63 36 40 38 | 66 99 70 68 6 28 8 10 


25 —28 35 33 31 64 1 3 527 | 71 98 73 75 | 36 63 38 40 | 99 66 70 68 6 8 28 10 


26 


Table 24. Acidity of peat samples of the principal material that have been mixed in distilled 
water. Measured on July 1—2, 1967. 


A Significant differences among samp 
Distance pH-valie os by different depth m 
Sample from ae eee ae oy 
plot drain, Site 5—8 cm. 20—23 cm. 
ner m. en an 5—8 cm. 20—23 cm. 
surface ee ee | 
1 5 3.8 3.8 63 2 
2 10 4.0 3-7 79 6 
3 20 4.1 3.9 72 32 
4 30 3.9 4.1 73 40 
5 40 3.9 3.9 74 10 
27 natural LkN 4.0 4.0 1 37 
6 5 4.0 3.7 71 1 
7 10 4.1 4.0 33 5 
8 20 4.0 4.1 10 36 
9 30 4.1 4.0 4 63 
10 40 3.9 3.8 5 31 
28 natural 4.0 3.9 70 71 
31 5 4.2 3.9 40 33 
32 10 4.3 3.8 8 73 
33 20 3.9 3.9 2 35 
34 30 4.0 3.9 28 38 
35 40 4.0 3.9 21 3 
63 natural IR 3.7 3.9 6 28 
36 5 4.1 3.9 69 98 
31 10 4.1 3.8 34 34 
38 20 4.1 3.9 98 70 
39 30 4.1 4.1 35 72 
40 40 4.0 3.8 99 27 
64 natural 4.2 4.3 68 7 
66 5 4.1 4.4 66 69 
67 10 4.1 4.6 37 9 
68 20 4.1 4.3 3 39 
69 30 4.0 4.0 7 4 
70 40 4.0 3.9 9 7A 
98 natural MK 4.0 3.9 39 75 
ZA 5 3.8 3.9 36 8 
72 10 3.8 3.9 67 99 
73 20 3.8 3.9 38 64 
74 30 3.8 4.1 64 68 
75 40 37 4.1 31 66 
99 natural 4.0 4.1 32 67 


present study, as is shown by Fig. 4, p. 28. In 
the figure the nutrient contents are indicated 
by dots and their means by circles. In Myrtillus 
spruce swamps the nitrogen content is almost 
twice that of low-sedge bogs and considerably 
greater than in dwarf-shrub pine swamps. 
Testing the results with the aid of analysis 
of variance and ¢ test showed that the dis- 
tance from the drain did not affect the 
content of nitrogen. This is probably due to 
the fact that the degree of humification did 
not differ much in different peat layers and at 
different distances from the drain (cf. Table 


16, p. 23). For potassium, phosphorus, and 
calcium, too, no significant differences were 
indicated with respect to the distance from 
the drain. On the other hand, the nitrogen 
content seemed to rise from the ground sur- 
face toward deeper peat layers, especially in 
the MK sample plots. The differences between 
different sites were also greater at greater 
depths because, in low-sedge bog, the in- 
crease in the nitrogen content was very 
small, probably due to the fact that in this 
site the degree of humification was almost the 
same at different depths. 


Table 25. Acidity of peat samples mixed 
1-2, 
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in 0.1 M KCL solution Measured on July 
1967. 


— [III nn 


pH-value Significant differences among sample 
z Distance plots by different depth layers 
Sample from 
plot drain, Site 5—8 cm. |20—23 cm. 
no. m. below below A 
ground ground 5—8 cm. 20—23 cm. 
surface surface 
1 5 2.9 3.0 75 63 
2 10 3.1 3.0 1 1 
3 20 3.0 3.1 37 38 
4 30 3.1 3.1 38 71 
5 40 3.1 3.1 32 33 
27 natural LkN 3.0 3.2 98 35 
6 5 3.2 3.1 13 36 
7 10 3.2 3.1 63 40 
8 20 3.0 3.2 74 2 
9 30 3.0 3.0 72 37 
10 40 3.1 3.1 40 31 
28 natural 3.0 3:3 28 34 
31 5 gl 3.0 8 39 
32 10 2.9 3:1 34 9 
33 20 3.2 3.0 3 28 
34 30 3.0 3.0 27 3 
35 40 3.0 3.0 35 4 
63 natural IR 3.0 2:9 9 5 
36 5 3.1 3.0 36 10 
37 10 2.9 3.0 4 32 
38 20 2.9 3.0 5 6 
39 30 3.1 3.0 10 72 
40 40 3.0 3.0 39 7 
64 natural 3.2 3.5 31 27 
66 5 3.5 3.5 71 73 
67 10 3.3 3.6 2 74 
68 20 3.2 3.5 6 8 
69 30 3.2 3.3 68 98 
70 40 3.2 3.3 99 69 
98 natural MK 3.0 3.2 70 70 
71 5 3.1 3.0 69 75 
72 10 3.0 3.1 64 99 
73 20 3.0 3.2 7 64 
74 30 3.0 3.2 33 68 
75 40 2.9 3.3 66 66 
99 natural 3.2 3.4 67 67 


The content of potassium (expressed in 
terms of K,O, Fig. 4), on the other hand, 
seemed to decrease from the surface toward 
greater depths in all sites. As a matter of 
fact, this has already been discovered (BINNS 
1962, PARKER 1962, HOLMEN 1964). It is also 
known that plants growing on peat contain 
more potassium than the peat (KaıLa and 
Kıvskäs 1956). The differences in potassium 
content between different sites are minor. 

Like potassium, the phosphorus content of 
peat has also been found to decrease with in- 
creasing depth of the peat layer (VAHTERA 


1955, Binns 1962). On the basis of the sample 
plots of the present study, however, this 
could not be verified (Fig. 4). The differences 
between different sites were minor. In the IR 
sample plots the phosphorus content was even 
slightly greater than in the MK and LkN 
sample plots. 

The calcium content (expressed as CaO, 
Fig. 4) showed quite a large variation be- 
tween different sample plots. Calcium is 
actually no ordinary plant nutrient, but is 
important for the ion exchange and regula- 
tion of the pH. There is a correlation between 
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Fig. 4. Contents (%) of various nutrients in the sites of the study. 


calcium and pH (KOTILAINEN 1927, HOLMEN 
1964). The calcium content seems to decrease 
from the surface down; this was also the 
situation for the pH value in dwarf-shrub 
pine swamps and low-sedge bogs. For Myr- 
tillus spruce swamps, on the other hand, the 
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situation was contrary (Tables 17—22). 
Comparison between different sites revealed 
that the calcium content was highest in the 
topmost peat layers of Myrtillus spruce 
swamps and lowest in low-sedge bogs. 


4. WEATHER CONDITIONS DURING THE PERIOD OF FIELD STUDY 


During the summer of 1967, when the field 
work of the study was mainly done, the varia- 
tion in weather factors in the study area was 
also followed. Self-recording rainfall meters 
(model 1507, manufacturer: Wilh. Lamb- 
recht, Göttingen, West-Germany) were used 
to determine rainfall, the variation and 
magnitude of which directly influenced the 
depth of the ground water table. These meters 


Rainfall,mm. 


were placed in three sites in the outer parts of 
the study area, and the daily rainfall sums 
obtained are presented in Fig. 5. The influence 
of rainfall on the level of the ground water 
table will be dealt with later (pp. 32 —34, 
Figs. 7—9). The summer of 1967 may be 
divided into at least two different periods on 
the basis of its rainfall. Around midsummer 
there was a dry spell which lasted for about 


June July 


bth rbd: 


August Sept. 


Fig. 5. Daily rainfall during the summer of 1967 in various parts of the 

study area. Sample plots 1—27 were located in the vicinity of rain gauge 

A, sample plots 31—50, 66—83, and 99 near rain gauge B, and sample 
plots 28, 57—63, and 90— 98 in the vicinity of rain gauge C. 


one month, while the rainy period that began 
in early August continued until the end of the 
period of field work. 

Furthermore, the variation in soil tempera- 
ture during the summer of 1967 was measured 
in Myrtillus spruce swamp (sample plot 99), 
natural dwarf-shrub pine swamp (sample 
plot 64), and at a 5-m. (sample plot 31) and 
40-m. (sample plot 35) distance from the 
drain in drained dwarf-shrub pine swamp, or 
in the sample plots used for preliminary ex- 
periments. The results were drawn up on the 
basis of the means of daily maximum and 
minimum temperatures (Fig. 6). Readings 
were taken at the depths of 5, 15, and 25 cm. 
because, in accordance with the findings of 
previous investigation, daily variation in 


Temperature, "C 
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temperature in peat soils only reaches a depth 
of 20 —30 cm. (Hom£n 1897, HEIKURAINEN 
and SEPPÄLÄ 1963). The thermometers used 
were equipped with a recording device (model 
258, manufacturer: Wilh. Lambrecht, Göt- 
tingen, West-Germany). They were calibrated 
at two-week intervals using a potentiometer 
(model 2715, manufacturer: Honeywell, Den- 
ver, Colorado, U.S.A.). In the different ob- 
jects of measurement, temperature variation 
was of a similar nature. The lowest peat 
temperature was recorded for the IR sample 
plot located at a distance of 5 m. from the 
drain, or sample plot 31. In this sample plot 
the differences between maximum and mini- 
mum temperature were smallest. 


S.p 31 
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Fig. 6. Means of daily minimum and maximum temperatures in the 
summer of 1967 at 5 ( ), 15 (—— —), and 25-cm (...) depths. 


5. RESULTS OF THE STUDY 


51. Depth of ground water table and aerobic limit 


On the basis of discoloration of silvered 
rods of brass, the variation of the upper limit 
of the anaerobic layer in the sample plots 
was studied during the period of field work. 
Observation on this limit, which here is called 
the aerobic limit (cf. p. 16), as well as 
measurements on the depth of the ground 
water table, were carried out at 3—4 day 
intervals in accordance with the experience 
obtained from the preliminary experiments. 
Graphs, fitted by hand, are presented only 
for a part of the data as examples (Figs. 
7—9, pp. 32—-34). Irrespective of the site 
and the sample plot the curves had a similar 
appearance. Variation in the depth of the 


Depth em 


ground water table is due to rain, evapora- 
tion, and runoff, and in different parts of the 
same peatland areas the variation is simulta- 
neous and in the same direction except for 
immediately after heavy rainfall (VIRTA 
1966). 

Among different peatland sites there are 
also differences in the distance of the aerobic 
limit from the ground surface; likewise, there 
are differences among sample plots located at 
various distances from the drain (Figs. 7—9). 
In the natural LKN sample plots, where the 
ground water table for quite a long time was 
very close to the ground surface, anaerobic 
conditions also reached the ground surface 


Fig. 7. Fluctuation of ground water table (x — — —x) 
and aerobic limit (. .) during the summer of 
1967 in LkN sample plots. 


(Fig. 7). Only during the extremely long dry 
spell (July 7—August 7) conditions became 
aerobic in the topmost peat layer after the 
ground water table had gone down suf- 
ficiently. On the other hand, in the extremely 
efficiently drained IR and MK sample plots, 
as well as now and then in the LkN sample 
plots, the aerobic limit was not encountered 
even at a depth of 50 cm. (Figs. 7, 8, and 9; 
e.g., sample plots 6, 31, and 66). 

This is illustrated by Fig. 10, which shows 
three rods lifted in the beginning of July from 
sample plots 1, 3, 5, and 27 (two rods). The 
80-cm. rod shown in the picture had been in 
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sample plot 1, i.e., at a distance of 5 m. from 
the drain. The shorter, 50-cm. rods taken 
from the last-mentioned sample plot show no 
discoloration, but on the 80-cm. rod dis- 
coloration begins immediately below the 
50-cm. depth. 

In early summer, the beginning of June, 
and in the fall, after the heavy rains at the 
beginning of August, the aerobic limit was 
much nearer the ground surface in all sample 
plots than in the middle of the summer, when 
the ground water table was also located quite 
far from the ground surface. In the middle of 
the summer the depth of the ground water 


Fig. 8. Fluctuation of ground water table (x — — — x) 
and aerobic limit (. .) during the summer of 
1967 in IR sample plots. 


table was as much as 10—30 cm. below the 
aerobic limit, but in the early summer and 
fall it was sometimes even above this limit. 
The reason for these phenomena is probably 
to be found in the fact that the overflow, 
being in motion and in direct contact with 
free air, contains oxygen just as rainwater 
does. However, the quantity of oxygen 
brought to the soil by rains is relatively 
small, and its influence does not reach very 
deep because the oxygen is consumed by 
aerobic microbes already in a thin surface 
layer (MALMSTRÖM 1923; OrLov 1958, 1960). 
The variation of the aerobic limit, espe- 
cially in sample plots located near the drains, 


Fig. 9. Fluctuation of ground water table (x — — — x) 


and aerobic limit (. .) during the summer of 
1967 in MK sample plots. 


is quite strong because of the heterogeneity 
of the soil as well as the uneven distribution 
of rain in areas covered by forests. Oxygen 
consumption, too, takes place at different 
rates in different sites. Furthermore, as tree 
roots from earlier periods of development of 
the peatlands, located at deeper levels in the 
peat, have later disappeared through de- 
composition, there is in some places a pos- 
sibility for oxygen to reach quite great depths. 

Lowering of the ground water table for a 
short time, only a few days, does not seem to 
lower the aerobic limit according to observa- 
tions from the end of June (e.g. Fig. 7); on the 
other hand, the rapid raise of the ground 


water table due to rain quite soon creates 
anaerobic conditions. This circumstance made 
it advisable to examine the correlation be- 
tween the depth of the ground water table 
and the aerobic limit by the aid of regression 
analysis as follows: For each site the direction 
of the regression line was studied for periods 
during which the ground water table had 
been in a phase of (1) falling for a long time, 
(2) rising for a long period because of con- 
tinuous rain, and (3) showing no clear rising 
or falling. The weather conditions prevailing 
in the summer of 1967 offered an excellent 
opportunity for a study of this kind (ef. 
p. 30). 

For the period of falling ground water 
table the observations made from July 10 to 
31 were chosen, and for the period of its 
rising the time between August 17 and Sep- 
tember 7, except for a few days at the turn 
of the month in the middle of this period. The 
rest of the observations formed the group 
representing periods without clear rising or 
falling of the ground water table. 

The following table presents the average 
results of the regression analysis based on 
this division. Observations made when the 
ground water table and the aerobic limit were 
at ground level (= 0) were disregarded in the 
calculation. 

For the LkN sample plots no difference 
could be observed in the slope of the regres- 
sion lines between periods of rising or falling 
ground water table, but the IR and MK sam- 
ple plots did give different results. For periods 
with rising ground water table the regression 
line is clearly steeper than for periods of 
falling ground water table, and this very fact 
indicates that the aerobic limit follows the 
ground water table at a slower rate when this 
is falling than when it is rising. 


Direction of 


Site ground water Constant t value 
table movement 

LkN 1: —8.2 + 0.6 13.94*** 
LkN 2. —2.4+ 0.2 10.48*** 
LKN 3. 1.7 + 0.3 5.47*9* 
IR 1; 4.8 + 1.0 4.74*** 
IR 2. 3.2 + 1.0 3.35 *4* 
IR 3. 8.9 + 0.7 12.07*** 
MK 1 4.1 + 1.0 4.24*** 
MK 2 2.2 + 1.0 2.18** 

MK 3 6.5 + 0.7 9.09*** 
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os EE 3. 


Fig. 10. Silver rods removed from LKN sample plots 
on July 1, 1967. 


Fig. 11 shows daily regression lines for pe- 
riods of falling and rising ground water table 


R i à Correlation 
convient t vala coefficient 
0.69 + 0.02 39.91*** 0.75*#* 
0.75 + 0.02 40.69*** 0.82*** 
0.51 + 0.01 37.51*** 0.74*** 
0.61 + 0.02 24.84*** 0.62*** 
0.99 + 0.05 20.46*** 0.55*** 
0.60 + 0.03 23.23*** 0.54*** 
0.53 + 0.02 24.05*** 0.65*** 
0.89 + 0.04 21.26*** 0.64*** 


0.60 + 0.02 26.43*** 0.63*** 
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Aerobic 
limit,cm. 
40, 


Ground water table,cm. 


Fig. 11. Dependence of the aerobic limit on the 

depth of the ground water table at different times 

in LkN sample plots (left) when the ground water 

is falling and in MK sample plots (right) when the 
ground water is rising. 


for LKN and MK sample plots. We may con- 
clude that the differences between the lines 
are relatively small. Figs. 12—14 show the 
average regression lines based on the text 
table on p. 35, illustrating the differences 
obtained for different sites and directions of 
vertical movement of the ground water table. 

The following table shows how much the 
aerobic limit moves in each site when the 
ground water falls or rises by 10 cm. 


Change in aerobic limit, cm. 


LkN IR MK 
10-cm. fall of the ground 
water table 6.9 6.1 5.3 
10-cm. rise of the ground 
water table 7.5 9.9 8.9 


On the basis of average lines the aerobic 
limit is at the following depths when the 
ground water table is at a depth of 20 cm. 


Site 

LkN IR MK 
Direction of ground 
water table movement 
er EE 5.7 17.8 14.7 
e Ve E arene 12.7 23.0 20.0 
Des PER EOE 11.9 20.9 18.5 
Site Constant t value 
LkN 9.2 + 0.5 18.47*** 
MK 11.5 + 1.2 9.40*** 


Aerobic 
limit,cm. 
60 


40 


30 


20 


Ground water table.cm. 


In the presentation of the preliminary ex- 
periments it was stated that the greater 
amounts of hydrogen sulfide there are in the 
anaerobic layer, the greater is the quantity of 
silver sulfide forming on the rod surface. In 
the present work only two classes were used 
for determination of the degree of discolora- 
tion (cf. p. 14). Like the aerobic limit pre- 
sented above, the limit of the layer of great 
hydrogen sulfide occurrence was determined 
on the basis of its distance in centimeters 
from the ground surface. This limit, too, fol- 
lows the variation in the depth of the ground 
water table, although it is often located at a 
greater depth than the aerobic limit, as is 
indicated by the following table. 

For the IR sample plots the corresponding 
regressions are not presented because strong 
discoloration occurred only on very rare 
occasions in this site. In the MK sample 
plots, on the other hand, discoloration was 
observed to some extent, and in the LkN 
sample plots very frequently. As for the 
aerobic limit, the regression coefficient for 
MK sample plots exceeded that for LKN sam- 
ple plots in this connection, too. 


Regression Correlation 


coefficient t value coefficient 
0.38 + 0.04 10.36*** 0.34*** 
0.55 + 0.06 9.86*** 0.51°** 


Aerobic 
limit,cm. 


50 


40 


30 


20 


10 


Ground water table, cm. 
Fig. 12 


Aerobic 
limit,cm. 


50 


40 


30 


20 


10 
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Ground water table,cm. 
Fig. 13 
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Fig. 12. Dependence of the aerobic limit on the 
depth of the ground water table in LKN in different 
phases of vertical movement of the water table.! 


Fig. 13. Dependence of the aerobic limit on the 
depth of the ground water table in IR in different 
phases of vertical movement of the water table.! 


Fig. 14. Dependence of the aerobic limit on the 
depth of the ground water table in MK in different 
phases of vertical movement of the water table.! 


1 Movement of the water table, see p. 35. 


52. Respiratory quotient and oxygen uptake as indicators of oxidation- 
reduction conditions 


The oxygen content of peat decreases with 
increasing depth. In respect to aerobic bio- 
logical processes, there occurs a deficiency in 
oxygen which, when studying peat samples 
in free air, can be observed as strong oxygen 
consumption without simultaneous carbon 
dioxide release of a similar magnitude (LAHDE 
1966 b). In such a case, the proportion be- 
tween the gas quantities (CO,/O,), or the 


respiratory quotient (RQ), is smaller than the 
value 1. This phenomenon is caused by oxi- 
dation of reduced organic matter coming in 
contact with free air (cf. p 8.). 

On the basis of this phenomenon, the 
change in the redox conditions from the 
topmost to lower layers of peat was studied 
using a Warburg apparatus. Because only 
one apparatus was available, determinations 
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were limited to the principal sample plots, 
and even among them, only those located in 
natural peatlands and those at the distances 
of 5, 20, and 40 m. from the drains in drained 
sites. In the MK sample plot series (sample 
plots 66, 68, 70, and 99) determinations were 
made at 10-day intervals through the whole 
period of study. 

Table 26 presents the results on the respi- 
ratory quotient obtained on different dates 
from samples taken from different depths and 
sample plots; moreover, the table presents a 
comparison between these data and data on 
the depths of the aerobic limit and ground 
water table measured on the same dates. 

In most cases the RQ value decreases with 
increasing soil depth; this indicates the de- 
crease in the oxygen content or the increase in 
the degree of reducing conditions in deeper 
peat layers. Minor deviation of the RQ value 
from the value 1 does not necessarily mean 
that conditions are reducing. On the basis of 
the present study, however, no exact limit 
value could be indicated below which condi- 
tions are so strongly reducing that they 
arrest the activity of tree roots and aerobic 
microbes. On the basis of the aerobic limit, 
however, it can be estimated, because such a 
limit cannot be located below the aerobic 
limit due to the anaerobic conditions pre- 
vailing there. On the basis of comparison 
carried out, the limit value RQ = 0.80 was 
arrived at. If RQ is below 0.80, conditions are 
reducing to such an extent that they probably 
will arrest aerobic processes. The peat layers 
with lower RQ values have been indicated 
separately in Table 26. 

In some rare cases the RQ clearly exceeds 
the value 1 as was mentioned in the presenta- 
tion of the methods (cf. p. 9); however, 
these cases were disregarded in the present 
study because there was no possibility of 
finding out the reasons for this phenomenon. 
On the other hand, the RQ quite frequently 
is above 0.80. This limit value seems to vary 
in different sample plots and on different 
occasions, to some extent following the fluc- 
tuations in the depth of the ground water 
table and the aerobic limit. 

Even in the well-drained sites of this study, 
where the ground water table and the aerobic 
limit were at depths of several decimeters 
(e.g. sample plots 31, 66, and 71, which were 
located at a distance of 5 m. from the drain), 


conditions were so strongly reducing at 
depths of only 15—30 cm. that the RQ was 
smaller than 0.80 (Table 26). In natural sites 
and in sample plots located at a great (40 m.) 
distance from the drain, RQ was lower than 
0.80 in some cases already at the ground 
surface. On certain occasions the aerobic 
limit may even be closer to the ground sur- 
face than the layer where the RQ equals 0.80: 
this was so, for instance, in sample plot 99 on 
July 7. This, however, was only caused by 
the fact that, even within one sample plot, 
the distance of the aerobic limit from the 
ground surface varies a great deal (cf. Fig. 9, 
p. 34) and the respiratory quotient was 
determined from samples which had been 
taken from peat layers measuring 3 cm. in 
thickness and leaving a 2-cm. layer of peat 
disregarded between each sample. 

The results are illustrated by Fig. 15, p. 40, 
which, it is true, is partly a repetition of 
Table 26. The figure presents a comparison of 
conditions in peat where the RQ is below 0.80 
with the depth of the ground water table and 
anaerobic conditions at different times in 
MK sample plots. There is reason to observe, 
in examination of the figure, that measure- 
ments were made of the aerobic limit only 
down to a depth of 50 cm. and of the respira- 
tory quotient only for the topmost 28-cm. 
peat layer. In sample plot 66 (MK, 5 m. from 
the drain), in the topmost 28-cm. peat layer, 
respiratory quotients below 0.80 were encoun- 
tered only twice (on July 10 and August 
5). This result indicates that only when the 
ground water table and the aerobic limit 
remain for several weeks at depths between 40 
and 50 cm. do conditions in the topmost 
28-cm. peat layer remain oxidizing. 

The differences between peat samples 
taken from various depths can also be exam- 
ined graphically by comparing the differences 
in the quantities of gases, i.e. the oxygen up- 
take and carbon dioxide release. Fig. 16(p. 41) 
is an example of this kind of examination. In 
those cases when, for instance, oxidizing con- 
ditions prevail in the topmost 0—10 cm. peat 
layer, or the respiratory quotient almost 
equals the value 1, but conditions are an- 
aerobic already in the 20--30 cm. layer, 
oxygen consumption, having at first grown 
weaker with increasing depth, becomes 
stronger at a certain point, although the 
carbon dioxide release continues to weaken 
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Table 26. The respiratory quotient, aerobic limit, and ground water depth in various sample plots and at 


Sample 


plot 
no. 


75 


vw 


RO D yN N US AT OO mm 


NN 


different times. 


Depth of 
Sampling depth, cm. Respiratory Aerobic ground 
Date ae Soh Se ee quotient limit water 
0—3 5-8 10-13 15-18 20—23 25—28 m. päi = 
June 12 1.12 0.87 0.76 0.78 0.36 1.09 |10—23 45 45 
» 0.85 1.03 0.82 0.69 0.39 0.64 115 — 13 18 
June 13 1.01 1.11 0.71 0.57 0.63 0.46 110 — 13 10 
June 9 1.00 0.73 0.40 0.39 0.37 0.28| 5— 9 10 
June 19 0.98 0.85 0.81 0.67 0.65 0.71115— 47 52 
» 0.68 0.67 0.72 0.67 0.71 0.15| 0— 16 28 
June 20 0.66 0.83 0.38 0.24 0.08 0.16] 0— 3, 10- 14 13 
June 19 0.80 0.91 0.66 0.60 0.27 0.01 |10— 10 18 
June 28 0.90 0.58 0.89 0.95 0.57 0.71) 5— 8, 20— 50 53 
» 1.01 0.95 0.84 0.49 0.67 0.00 115 — 19 28 
June 29 0.93 0.99 0.72 0.06 0.41 0.0910 — 15 13 
July 7 1.00 0.88 0.93 0.67 0.15 0.00 115 — 10 20 
July 10 1.05 0.95 0.98 1.29 1.07 0.97 50 62 
» 0.94 1.04 1.23 1.09 0.09 0.00 120 — 19 38 
July 11 0.91 1.10 0.89 0.68 0.20 0.26 115 — 20 26 
July 19 1.04 0.69 0.71 0.80 0.87 0.47| 5-13, 25 — 50 75 
» 0.90 0.84 0.16 0.33 0.00 0.20 110 — 24 50 
July 20 1.07 0.93 0.64 0.10 0.24 0.26 110 — 23 42 
July 21 0.89 1.02 0.84 0.50 0.44 0.08 |15— 13 42 
Aug. 5 1.04 0.98 0.81 1.10 0.98 1.03 50 65 
Aug. 7 0.99 0.97 0.95 0.70 0.80 0.23115—-18, 25— 32 34 
» 0.85 1.07 0.85 0.67 0.78 0.23 |15— 28 19 
Aug. 8 0.90 0.78 0.78 0.61 0.66 0.08) 5— 17 18 
Aug. 14 1.04 0.96 0.60 0.86 0.99 1.05|10—13 50 51 
> 1.08 0.94 0.89 0.94 0.36 0.41 |20 — 27 36 
» 0.84 0.86 0.97 0.39 0.00 0.23 115 — 23 17 
Aug. 16 0.75 0.72 0.79 0.71 0.46 0.60) 0 — 12 14 
Aug. 30 1.01 1.04 0.96 1.01 1.08 0.77125— 50 44 
Aug. 31 0.93 0.99 0.95 1.06 0.48 0.39 120 — 14 19 
» 1.03 0.82 0.98 0.74 0.11 0.12|15— 15 10 
Aug. 30 1.00 0.94 0.78 0.35 0.38 0.15ļ10— 9 11 
Sept. 9 1.01 0.70 1.18 0.82 0.92 1.07|5— 8 45 40 
» 1.00 0.96 0.72 0.86 0.70 0.58]10—13, 20— 14 20 
» 0.97 0.88 0.90 0.86 0.37 0.45 |20— 15 8 
» 0.933 0.64 0.57 0.37 0.58 0.07| 5— 7 7 
July 13 0.96 0.73 0.69 0.92 3.13 4.87| 5-13, 20— 43 49 
» 0.94 0.83 0.75 0.78 0.13 0.10 110 — 41 31 
» 1.08 0.70 0.54 0.18 0.51 0.30| 5— 9 32 
» 0.91 0.57 1.14 0.62 0.20 0.10} 5— 16 23 
Aug. 17 0.94 0.63 1.04 1.06 0.60 0.87|5— 8, 20—23 44 40 
» 1.05 0.88 0.97 1.10 0.67 1.07 [20—23 25 27 
» 1.08 1.01 0.89 0.94 0.89 0.38 125 — 10 22 
June 14 0.97 0.72 0.57 1.72 0.61 0.52) 5— 32 37 
’ 0.76 0.70 0.40 0.54 0.46 0.60} 0— 9 14 
> 0.62 0.33 0.40 0.48 0.58 0.28|0— 7 10 
» 0.67 0.29 0.69 0.77 0.69 0.57] 0— 0 1 
July 3 1.04 0.93 0.52 1.05 0.59 0.92/110—-13, 20—23 35 48 
July 4 0.99 1.02 0.95 0.84 0.48 0.53 ]20 — 12 19 
» 1.00 0.60 0.25 0.55 0.36 0.40] 5— 7 16 
» 0.50 0.74 0.44 0.64 0.34 0.47] 0— 2 7 
July 24 0.95 0.95 0.58 0.76 0.18 0.85 |10—23 9 19 
» 1.09 0.86 0.54 1.22 0.49 0.33/10—13, 20— 26 43 
July 26 0.99 0.67 0.25 0.66 0.61 0.79] 5— 18 35 
» 1.06 0.56 0.91 0.91 0.44 0.64| 5— 8, 20— 15 32 
July 24 0.82 0.74 0.02 0.21 0.33 0.44] 5— 3 17 
June 7 1.06 0.95 0.86 1.66 2.09 4.54 50 41 
June 8 1.09 1.19 1.04 1.08 0.84 1.46 19 21 
June 7 0.95 0.82 1.18 1.69 0.42 1.27120—23 31 16 
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Fig. 15. Comparison of cases when RQ < 0.80 with the depth of the ground water table and anaerobic 


conditions in MK sample plots at different times. 


(e.g., sample plot 99, Fig. 16). By the aid of 
the graph indicating oxygen consumption, 
the location of this turning point can be 


ducing. There 
compare the location of this turning point 
with the limit values presented on the preced- 


is consequently reason to 
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(u1./1.5 cm®/hr.) of peat samples taken from different sample plots and 


depths. 
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estimated. The turning point of oxygen up- 
take probably indicates the limit where 
oxidizing conditions are changed into re- 


ing pages, i.e. with the aerobic limit, depth of 
the ground water table, and limit value 0.80 
of the respiratory quotient. Table 27 (p. 42) 


presents this comparison. Among the MK 
sample plots only those cases were included in 
the comparison for which the turning point of 
oxygen uptake could be readily determined 


graphically. The probable validity of the hy- 
pothesis that the turning point of oxygen up- 
take indicates the limit where oxidizing con- 
ditions are changed into reducing is indicated 
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Table 27. Comparison of the turning point of oxygen uptake and respiratory 
quotient (RQ < 0.80) of MK peat samples as well as the aerobic limit 


and ground water depth at different times in the MK sample plots. 


Distance 


Respira- 


Depth of 


but weaker than in the other sample plots 
of this series. The reason for this circumstance 
cannot be explained by the timber volume 
or the magnitude of dispersion, which in the 
case in question was only + 1.4 ul. It may 
be due to accidental factors because the cor- 
responding result of the CO, release on Au- 
gust 17 was 33.4 + 6.6 ul., that for the cor- 
responding natural sample plot being 31.2 
+ 3.7 ul. 
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In the LKN sample plot series (Tables 29 
and 33), the natural sample plots, being 
completely treeless, clearly differ from the 
forest-covered sample plots even in those 
cases when the tree stand was sparse (as on 
the sample plots located at distances of 30 
and 40 m. from the drain). In these treeless 
sample plots the CO, release of peat samples 
from the topmost layer could only be one 
half of that indicated for forest-covered sam- 


Table 28. CO, release (ul./1.5 cm?/hr.) from IR peat samples. 
Measured on June 29—30, 1967. 


Sample from Date of | Turning tory Aerobic ground 
plot drain, measure- point, quotient limit, water 
no. m. ment em. = 0. em. table, 

cm. 

68 20 June 28 12 15 19 28 

July 10 17 20 19 38 

Aug. 14 17 20 27 36 

70 40 June 13 10 10 13 10 

July 11 10 15 20 26 

Aug. 14 14 15 23 17 

Aug. 31 15 15 15 10 

99 natural June 9 5 9 10 

June 19 10 10 18 

July 21 1 15 13 42 

Aug. 8 1 15 17 18 

Sept. 9 5 7 7 


by the fact that, in comparison with the other 
characteristics presented, this turning point 
is usually located closer to the ground surface. 


This result also confirms the validity of the 


limit value 0.80 of the respiratory quotient 
as a limit indicating oxygen deficiency. 


53. Intensity of carbon dioxide release 


The results presented above on the pro- 
portion between carbon dioxide release and 
oxygen uptake indicate that carbon dioxide 
release can be used to describe the biological 
activity of soil only when this proportion 
approximately equals 1. In addition, it ought 
to be taken into consideration that the carbon 
dioxide release varies at different times of the 
year (ROMELL 1922, DouaLas and TEDROW 
1959) and even at different times of the day 
(PorkkA 1931 a). This is mostly due to 
changes in temperature (MEYER and KoEPF 
1960) and the moisture content of the soil 
(WIANT 1967 d). 

The data collected during the long dry 
spell in the middle of the summer of 1967 
offer a good opportunity for comparison of 
the carbon dioxide release in various sample 
plots and depth layers. The problem of using 
only one Warburg apparatus was that only a 
limited number of samples could be examined 
simultaneously. Thus, measurements could 
not be carried out at exactly the same time; 
within the same sites, however, all measure- 
ments were taken within three days. For 
statistical treatment of the results (Tables 


28 --33), analysis of variance and ¢ test were 
used. The least significant difference (HSD) 
was determined by Tukey’s method at the 
5-per cent level. 

In the CO, release of peat samples taken 
from the topmost (0—3 cm.) peat layer from 
forest-covered sample plot series at different 
distances from the drain, no statistically 
significant differences generally occur. Ex- 
ceptions are sample plots 40 (Table 31) and 73 
(Table 30), in which CO, release was signifi- 
cantly smaller than in the other sample plots 
of the same series. For sample plot 40 the 
reason is probably its sparse tree stand. The 
volume of the growing stock in this sample 
plot was only 23 m?, including bark (Table 11, 
p. 20). The reason for the poor development 
of the tree stand, on the other hand, is 
probably the fact that reducing conditions 
prevail near the ground surface. This is in- 
dicated by the value of the respiratory quo- 
tient of samples taken from different depths 
on July 18 (cf. Table 26, p. 39). In sample plot 
73 the CO, release was considerably stronger 
than in the LKN sample plots of natural sites 
(sample plots 27 and 28, Tables 29 and 33), 


HSDog | 4.2 | 26 | 61 ~~ | 14,7 


HSDos | 14.2 |106 |15.0 | 67 


HSD. | 9.5 | 46 | 9.6 | 12.4 


Depth, Sample plot no. 
ante seed coraa cl F HSD 
one a | 3 | » ] œ ig 
0— 3 | 24.9 15.4 22.0 24.5 1.92 14.4 
b= 8] 28 11.4 16.2 14.3 3.25 10.2 
10-13 | 5.4 4.9 4.1 6.5 0.92 5.0 
15-18 | 4.0 4.1 2.2 9.2 6.09* 5.6 
20-23 | 3.3 3.2 1.6 3.3 4.00 1.9 
25—38 | 25 2.4 %7 2:8 0.44 2.3 
F | 89.17***| 91.11***| 45.80***| 7.27** 


Table 29. CO, release (ul./1.5 cm?/hr.) from LkN peat samples. 


Measured on July 3—4, 1967. 


Depth, Sample plot no. 
0— 3 | 25.3 19.6 34.1 7.6 4.14* 24.7 
5— 8 | 11.0 9.7 5.5 8.2 3.72 5.5 
10—13 2.7 8.2 2.4 3.3 7.59** 1.4 
15—18 6.2 5.0 3.9 9.2 1.51 8.5 
20 — 23 3.2 5.8 3.7 2.9 0.93 6.1 
25 —28 7.0 4.1 3. 5.8 1.54 5.2 


F 


7.93** | 9.32***| 15.24***| 3.50* 


Table 30. CO, release (w1./1.5 em?/hr.) from MK peat samples. 


Measured on July 13—14, 1967. 


Depth, Sample plot no. 
ija 1 | 23 | a | % si ae 
0— 3 | 30.4 15.0 29.7 35.0 5.06* 17.4 
5— 8 7.5 10.0 11.1 12.1 1.31 Teh 
10—13 5.9 4.5 4.5 10.1 4.88* 5.4 
15—18 4.9 3.3 5.2 8.8 8.38** 4.4 
20 —23 4.9 0.9 2.7 5.5 4.29* 4.6 
25—28 2.9 0.8 7.4 3.6 2.78 13 


F | 26.95***| 34.49***| 24.90***| 19.20*** 


Table 31. CO, release (ul./1.5 cm*/hr.) from IR peat samples. 
Measured on July 17—18, 1967. 


Depth, Sample plot no. 
er 36 Te | ee | ot oe 38 Mi ee BEE ea es ii 40 
0— 3 | 36.9 23.9 zi 
5-8| 9.6 8.5 6.1 
10—13 | 9.5 5.8 7.3 
15-18 | 7.2 7.2 5.5 
20-23 | 4.2 5.9 7.3 
25-28 | 4.7 5.6 4.1 

Fr | 26.69***| o1.86**| 0.79 |2014 91.86***| 0.79 | 20.14*** 
HSD | 114 | 36 | 66 |168 | 


F HSD 
| 63 mama 3 
43.8 9.89** 23.3 

9.7 1.18 6.7 
4.2 5.07* 4.4 
4.4 2.67 3.7 
2.4 5.00* 4.3 
5.6 1.71 2.3 

| 20.14*** 

| HSD.» | 114 | 36 | 66 |168 | 


Table 32. CO, release (w1./1.5 cm?/hr.) from MK peat samples. 
Measured on July 19—20, 1967. 


Depth, Sample plot no. 
0= 3 | 31.2 21.3 24.1 
5-— 8 7.2 13.3 15.4 

10—13 5.2 1.7 9.7 

15—18 5.2 2.6 1.3 

20 —23 8.8 0.0 4.0 

25 —28 2.1. 3.5 9.8 


F | 23.69***| 24.87***| 32.26***| 8.59** 


HSDs | 10.4 | 80 | 68 


~ 


HSD os 

19.9 3.02 13.1 

19.7 2.40 15.4 
9.6 57.69*** 2.3 
7.5 3.15 7.1 
6.1 7.94** 6.0 
0.0 12.64** 5.4 


| 12.8 


Table 33. CO, release (ul./1.5 cm*/hr.) from LkN peat samples. 
Measured on July 24—26, 1967. 


Depth, Sample plot no. 
em. 6 ol se | 2 | = |) ey ee 3 z 
0— 3 | 38.5 21.1 15.2 
5-8 6.2 6.8 3.8 

10—13 2.3 1.8 4.0 

15—18 3.1 4.3 4.0 

20—23 | 3.7 3.5 2.4 

25—28 4.3 8.0 3.0 


OF [239423521 | 18.830] s40) o OO 


HSD |137 | 68 |53 | sı 


ple plots. Previous comparison between 
forest-covered sites and corresponding open 
sites have given results of the same kind 
(LAHDE 1966 b). 

In comparing the intensity of CO, release 
with the results of previous studies (LÄHDE 
1966 b)the carbon dioxide contents had to be 
calculated per unit weight of fresh peat. The 
results of this comparison are shown in Table 
34 for the topmost two 3-cm. layers studied 


F HSD o 
| 28 
7.5 14.63** | 15.6 
74 0.74 7.6 
0.1 8.33** 2.5 
0.9 5.86* 2.9 
2.5 0.23 5.8 
4.1 2.07 6.9 
| 8.40** 
| HSD.os | 13.7 | 68 | 53 | 5.1 | 


(the 0—3 and 5—8 em. layers). In the study 
mentioned above the CO, contents were 
presented as the means of several dates of 
observation. The carbon dioxide release in 
the surface peat of well-drained Myrtillus 
spruce swamp was 54.4 ul./hr. according 
to the older study and 51.8 and 57.4 ul. in 
sample plots 71 and 66 (MK, 5 m. from the 
drain) of the present study. For other parts, 
too, the results are of the same magnitude. 


The only exception is that in the present 
work the CO, release of natural MK sample 
plots was considerably smaller than in the 
previous study. 

Determination of the carbon dioxide release 
on a fresh weight basis intensifies certain 
differences among sample plots: in efficiently 
drained sample plots (at a distance of 5 m. 
from the drain) carbon dioxide release is 
considerably stronger than at a greater 
distance from the drain or in natural peat- 
lands (Table 34). In efficiently drained sam- 
ple plots located close to the drains CO, 
release may be even ten times that of cor- 
responding treeless LKN sample plots. This 
means that the differences in the intensity of 
CO, release caused by the forest cover are 
more clearly evident when examination is 
done on a fresh weight basis. The reason that 
the occurrence of trees leads to such differ- 
ences is probably the great part that tree roots 
play in soil respiration (MEYER and SCHAF- 
FER 1954, REINERS 1968). In sites covered by 
forest the topmost peat layer (0 —3 cm.) con- 
tains abundant shrub and tree roots as well 
as hyphae of fungi (cf. Table 16, p. 23). 

The high intensity of respiration of short 
roots of pine and spruce seedlings grown in 
peat in the nursery is described by the results 
of a previous study (LÄHDE 1966 c), in which 
a corresponding manometric method was 
used. According to the work in question, the 
intensity of respiration of short roots, ex- 
pressed in terms of CO,, averaged 1.5 aul./hr./ 


45 


mg. of dry matter. Correspondingly, in the 
present work, CO, release in the 0—3 cm. 
peat layer of natural low-sedge bog was 
1.1 al./hr./mg. of dry peat, and at a distance of 
5 m. from the drain in the same site 1.6 ul. 
In this comparison, however, it must be taken 
into consideration that conditions in these 
two experiments were quite different. 

In sample plots naturally covered by 
forest (Tables 28, 30—32) CO, release in the 
5—8 cm. layer grew stronger with greater 
distance from the drain when determined per 
unit volume. This is probably due to the fact 
that in efficiently drained sites the readily 
decomposible matter had decreased along 
with further peat decomposition. For deeper 
peat layers this phenomenon could not be 
established. The differences in the peat layers 
in question do not seem to follow any par- 
ticular direction. 

In a vertical direction CO, release becomes 
weaker at an extremely rapid rate from the 
ground surface down. Thus, great differences 
could be indicated between the 0 —3 cm. and 
the 5—8 cm. peat layers. In the treeless 
natural sample plots 27 and 28 as well as in 
sample plot 40, the 0—3 and 5—8 cm. layers 
did not show any differences (Tables 29, 31, 
and 33). Comparison between the topmost 
peat layer and the 10—13 cm. layer showed 
that this trend continues at greater depths. 
Between the 5—8 and 10—13 cm. layers 
differences were observed only in part of the 
sample plots (Tables 28, 30, 32, and 33, 


Table 34. CO, release (ul./g. of fresh peat/hr.) from peat samples representing 
various sample plots. 


Depth, Sample plot no. 
en | s | 5 | a | 31 | 3 | 35 | o& 
0-3 | 62.8 16.1 24.7 6.6 59.4 12.2 25.3 23.4 
5-8 | 24.9 7.2 4.6 6.1 10.5 12.1 15.9 11.1 
Sample plot no. 
1 | 73 | 2 | 98 | 6 | 8 | 10 | 28 
0—3 | 51.8 28.1 27.9 36.7 65.7 20.2 16.4 5.4 
5—8 7.0 10.9 8.0 12.3 6.7 5.1 2.9 4.9 
Sample plot no. 
36 | 38 | 40 | 63 | 66 | 68 | 70 | 99 
0-3 | 54.9 35.5 8.9 51.9 57.4 32.7 22.3 22.4 
5—8 | 13.7 12.8 6.9 7.1 10.2 12.5 14.1 19.5 
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sample plots 33, 35, 73, 68, and 28). Statis- 
tical differences between deeper peat layers 
with regard to CO, release were observed 
only on a few occasions, and they were caused 
by exceptionally high carbon dioxide release 


Among different sites differences in carbon 
dioxide release were indicated only for the 
sample plots located in natural peatlands. In 
the treeless LKN sample plots CO, release was 
considerably weaker than in the MK and IR 
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Table 37. Loss of dry weight of cellulose (per cent) during the summer of 1967 in 
LkN sample plots on normal strips and natural peat. 


from certain samples, which probably was sample plots. This comparison is not fully 
due to decomposition of unsaturated organic reliable since determinations were made at 
compounds into carbon dioxide (cf. p. 9). different times. 


54. Cellulose decomposition and anaerobic conditions 


Dist f drain, m. 
Depth, istance from drain, m p HSD.. 
5 10 | 20 | natural 
0= 5 | u 15.4 15.0 37 16.67***| 5.7 
5-10 | 12.5 7.8 7.8 3.6 5.69***| 5.6 
10-15 4.2 3.4 3.8 1.2 1.99 3.5 
15—20 2.5 1.0 0.8 0.7 2.25 2.1 
20—25 0.7 0.4 0.4 0.6 1.81 0.4 
25 —30 0.4 0.2 0.1 0.4 6.30***| 0.2 
F | 26.56***| 45.98***| 36.36***| 6.82*** 
HSD. | 5.7 | 35 | 39 | 23 


In the present work the rapidity of cellulose 
decomposition was studied in all sample 
plots on 5-cm. peat samples down to a depth 


second category included the sample plots 
located on normal strips with a maximum 
distance of 40 m. from the drain as well as, 


of 30 cm. For examination of the results the anew, the natural sample plots (Tables 36, 
sample plots were grouped by site type and 39, and 42). The third category of sample 
distance from the drain. Moreover, the sam- plots was represented by a series located at 
ple plots were divided into groups on the distances of 5, 10, and 20 m. from the drain 
basis of their location in respect to the drains. and, in addition, the natural sample plots 

The first category of sample plots consisted (Tables 37, 40, and 43). For the requirements 
of those located on V-shaped strips and in of calculation the natural sample plots were 
natural sites (Tables 35, 38, and 41). The dealt with as if they had been located at a 


Table 35. Loss of dry weight of cellulose (per cent) during the summer of 1967 in LkN sample plots on 
V-shaped strips and natural peat. 


Depth, Distance from drain, m 

cm. HSD,ss 

5 0 | 20 5 | tw | 2 | 30 | 40 | natura oe | 40 natural 

0—5 | 28.5 18.2 21.1 8.0 13.8 3.7 16.69***| 8.9 

5-10 | 10.8 9.4 7.9 3.1 4.3 3.6 6.29***| 5.2 
10—15 3.5 2.2 2.2 1.0 1.0 1.2 3.75** 2.0 
15 —20 1.5 0.8 1.0 0.5 0.3 0.7 3.03* 1.0 
20—25 1.0 0.8 0.6 0.3 0.3 0.6 5.38%**| 0.5 
25 —30 1.3 0.7 0.6 0.3 0.2 0.4 5.80%**| 0.6 

F | 31.57***| 48.33***| 60.50***| 46.70***| 54.49***|  6.82*** 

HSD | 78 | 41 | 42 | 18 | 29 | 23 


Table 36. Loss of dry weight of cellulose (per cent) during the summer of 1967 in LkN sample plots on 
normal strips and natural peat. 


Depth, Distance from drain, m 

py I HSD 05 

5 1 | 2 | 0 | to natural 

0-5 | 146 16.3 11.6 10.6 11.8 3.7 8.07***| 6.2 

5—10 3.1 6.3 3.4 2.0 2.7 3.6 2.33* 3.9 
10—15 0.3 1.7 0.9 0.4 0.7 1.2 1.82 1.6 
15—20 0.2 0.2 0.3 0.5 0.6 0.7 3.28** 0.5 
20—25 0.1 0.2 0.3 0.7 0.5 0.6 1.19 0.9 
25 —30 0.1 0.1 0.1 0.2 0.5 0.4 3.78** 0.3 

F | 42.59***| 43.92**| 48.48***| 29.02°**| 45.92***| 6.82*** 

HSD | 36 | 39 | 26 | 341 | 27 | 23 


Table 38. Loss of dry weight of cellulose (per cent) during the summer of 1967 in IR sample plots on 
V-shaped strips and natural peat. 


Distance from drain, m. 

Depth, ’ F HSD 
iin 5 10 20 | 30 40 natural | a 
0—5 | 23.1 21.6 16.0 22.0 13.2 30.7 8.36***| 8.5 
5-10 | 10.7 11.1 7.5 10.7 7.6 15.4 3.23** 6.5 

10-15 | 5.3 5.8 3.1 5.1 2.3 5.9 2.16 4.2 

15-20 | 2.8 4.4 1.0 2.0 1.9 2.4 3.25** 2.6 

20 —25 17 2.5 0.8 0.9 1.8 1.9 2.70* 1.6 

25 —30 1.5 1. 0.5 0.9 1.3 1.6 1.97 1.2 

F | 53.43¢**| 33.98%%*| 41.37°**| 47.68***| 15.18***| 67.02*** 

HSD. | 46 | 52 | 38 | as | 50 | 57 


Table 39. Loss of dry weight of cellulose (per cent) during the summer of 1967 in IR sample plots on norma 
strips and natural peat. 


Depth, Distance from drain, . HSD.« 
$ 5 1 | 2 | 30 40 natural 
a aS Se BARON... ee ee NE aa S, Oe 

0-5 | 341 35.5 29.0 23.6 23.5 30.7 3.12* 11.6 
5-10 | 20.7 11.4 12.1 10.7 13.0 15.4 3.10* 8.5 
10-15 | 10.2 7.4 5.5 5.0 5.8 5.9 2.48* 5.0 
15 —20 7.0 6.9 3.2 3.1 2.8 2.4 4.65***| 3.9 

20 —25 4.5 3.8 2.9 1.6 2.7 1.9 7.50***| 1.6 

25 —30 4.4 3.3 1.9 0.9 1.3 1.6 11.56***| 1.6 

F | 52.84¢**| 42.77***| 47.44°**| 48.59***| 20.37***| 67.02*** 
Hes | os | 26 | of | so | we | 57 


distance of 60 m. from the drains, and as al- 
ready mentioned, they were included in all 
the three categories. The results were treated 
with analysis of variance and { test, and the 
least significant differences were examined at 
the 5-per cent level using Tukey’s method. 
The rapidity of decomposition of cellulose 
already decreases to a considerable extent 


from the 0—5 cm. layer to the 5—10 cm. 
layer, except in natural LKN sample plots 
(Tables 35—37). Likewise, there are differ- 
ences between the 5—10 and the 10—15 cm. 
layer, and the latter, in turn, differs from 
deeper peat layers. At depths exceeding 15 
cm. no marked differences between the peat 
layers were observed irrespective of the site. 


48 


Table 40. Loss of dry weight of cellulose (per cent) during the summer of 1967 in 
IR sample plots on normal strips and natural peat. 


Dist from drain, m. 
Depth, istance fro P Ben, 
j 5 10 | 20 | natural 

0-5 | 214 15.2 26.4 30.7 6.84*** | 9.2 

5-10 9.2 6.2 13.4 15.4 6.39*** | 6.0 
10—15 7.3 4.0 6.1 5.9 1.08 4.8 
15—20 4.4 2.9 3.6 2.4 1.41 2.6 
20—25 4.2 2.1 2.2 1.9 3.63* 2.0 
25 —30 3.4 2.3 1.5 1.6 4.18** 1.6 

F | 17.93***| 22.17***| 40.35***| 67.02*** 
HDs | 65 | 43 | 62 ‘| 59 


Table 41. Loss of dry weight of cellulose (per cent) during the summer of 1967 in MK sample plots on 
V-shaped strips and natural peat. 


Depth, Distance from drain, m. 5 HSD.. 
4 5 10 20 | 30 | 40 | natural 
0-5 | 47.5 26.4 34.5 26.5 30.0 37.4 13.04***| 9.0 
5-10 | 18.8 18.3 18.3 11.4 15.1 18.6 1.68 9.2 
10-15 | 19.5 17.5 10.0 7.0 7.4 8.2 5.93***| 9.0 
15-20 | 14.4 12.3 4.8 3.1 2.0 1.5 20.73***| 4.9 
20-25 | 12.3 6.8 3.3 1.5 1.5 1.2 24.01***| 3.6 
25—30 9.4 5.4 2.6 1.5 1.4 1.2 29.53***| 2.4 
F | 45.14***| 10.71***| 85.82***| 51.29***| 58.74***| 105.01*** 
HSD. | 8.4 | 97 | 54 | 54 | 60 | 57 


Table 42. Loss of dry weight of cellulose (per cent) during the summer of 1967 in MK sample plots on normal 
strips and natural peat. 


Distance from drain, m. 
Depth, | F | HSD. 
5 10 20 | 30 40 natural 
0-5 | 20.9 19.8 29.8 29.6 48.8 37.4 9.64***| 14.1 
5-10 | 11.7 13.0 16.2 19.5 41.0 18.6 9.45***|! 14.1 
10-15 | 9.6 8.8 12.3 14.9 31.9 8.2 9.76***| 11.6 
15-20 | 12.3 9.2 10.8 11.7 27.1 1.5 10.02***| 10.6 
20-25 | 12.9 7.2 13.9 7.7 22.9 1.2 9.73***| 9.6 
25—30 | 12.0 11.8 13.2 5.5 12.4 1.2 7.49***| 7.2 
F | 2.90" | 6.12***| 12.62***| 27.44***| 5.44***| 105.01*** 
HSD. | 9.2 | 74 | 79 | 68 | 225 | 57 


This was so when natural sample plots and earlier experiments of the same kind (LÄHDE 
those located far (30 —40 m.) from the drain 1966 b). For instance, in the work mentioned, 
were in question, and also for the LKN sample the loss of dry weight of cellulose was 34.8 
plots located as near as 5 m. from the drain. per cent during four summer months in the 
On the other hand, in the MK sample plots 0—10 cm. layer of an efficiently drained MK 
and, in a few cases, even in the IR sample sample plot. The figures obtained in the 
plots, decomposition was still 5—10 per cent present work for the corresponding site were 
at a depth of 25 —30 cm. (Tables 38 —43). 33.0 per cent for the 0—5 cm. and 24.8 per 
Similar results have been obtained from cent for the 5—10 cm. peat layer. 
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Table 43. Loss of dry weight of cellulose (per cent) during the summer of 1967 in 
MK sample plot on normal strips and natural peat. 


Distance from drain, m. 
Dept, F HSD.o 
5 10 | 20 | natural 
0-5 | 33.0 23.7 26.0 37.4 11.11***| 6.9 
5-10 | 24.8 13.0 13.1 18.6 8.27 | 71 
10-15 | 18.7 11.0 11.6 8.2 7.21***| 61 
15-20 | 17.5 10.1 75 1.5 33.50***| 41 
20-25 | 12.0 8.5 3.8 1.2 22.08***| 4.0 
25 —30 9.5 6.2 2.7 1.2 11.93***| 3.9 
F | 31.58***| 14.76***| 30.22***| 105.01*** 
HSD. | 61 | 64 | 62 | 57 


In the sample plots of completely treeless 
natural peatlands, the cellulose decomposition 
was considerably slower than in drained sam- 
ple plots. In deeper peat layers the differences 
became smaller at the same time as the 
rapidity of decomposition strongly decreased. 
In the IR sample plots, and particularly in 
the MK sample plots, the differences in the 
rapidity of decomposition were somewhat 
different. In the surface peat cellulose de- 
composition in natural sample plots was even 
more rapid than in sample plots of the same 
site that were located close to the drains. On 
the other hand, when deeper peat layers were 
in question, cellulose decomposition was 
considerably more rapid in the vicinity of the 
drains than in places located far from drains 
or in natural peatlands. For the topmost peat 
layers the differences were to some extent of 
the same kind as those for CO, release, for 
both CO, release and cellulose decomposition 
were higher in forest-covered than in treeless 
sites. For example, at a distance of 40 m. 


from the drain in dwarf-shrub pine swamp, 
cellulose decomposition was extremely poor 
just as was CO, release (cf. p. 44, table 31). 

Table 44 illustrates the variations among 
different site types, distances from the drain, 
and depth layers. The results are based on 
three-way analysis of variance. The differ- 
ences are extremely distinct both in separate 
and combined treatment. 

The fact that the loss of dry weight of 
cellulose only amounted to a few per cent 
indicates that decomposition activity in the 
site was poor, especially when it is taken into 
consideration that the pieces were in the soil 
for more than three months. Under favorable 
conditions even 90 per cent of the cellulose 
pieces may decompose in the course of four 
months (GoLLEy 1960). In Finnish condi- 
tions, however, even in fertile sites, so strong 
a decomposition requires much more time 
(LAHDE 1966 a). 

In our conditions a 5-per cent loss of dry 
weight of the cellulose pieces might already 


Table 44. F values of and a comparison between different variables and combina- 
tions of variables within the sample plot groups described in the text. 


Sample plot group 


Variable I 


F value |Fo.ı % 


Site (A) 360.86*** | 6.91 
Distance from 

drain (B) 49.98*** | 4.10 
Depth (C) 672.83*** | 4.10 
AB 18.70*** | 2.96 
BC 4.96*** | 2.12 
AC 26.96*** | 2.96 
ABC 5.30*** | 1.00 


Il Ill 


F value | Fo1 % F value |Fo.ı % 


437.58*** | 6.91 | 281.34*** | 6.91 


23.82*** | 4.10 35.27*** | 5.42 
280.31*** | 4.10 | 381.74*** | 4.10 
34.96*** | 2.96 21.95*** | 3.74 


1.81** 2.12 4.38*** | 2.70 
15.75*** | 2.96 12.09*** | 2.96 
3.98*** | 1.00 6.74*** | 1.00 
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Table 45. Depth of the limit below which the loss of dry weight of cellulose exceeded 5 per cent during the 
summer of 1967. 


Site 
Distance LkN | IR | MK 
from 

drain, Sam- | Depth | Sam- | Depth | Sam- | Depth | Sam- | Depth | Sam- | Depth | Sam- | Depth 

m. ple of ple of ple of p e of ple of ple of 
plot | limit, | plot | limit, | plot | limit, | plot limit, | plot | limit, | plot | limit, 

no. cm. no. cm. no. cm. no. cm. no. cm. no, cm. 
5 1 11 6 12 31 12 36 15 66 > 30 71 > 30 
10 2 10 7 11 32 19 37 14 67 26 72 > 30 
20 3 9 8 11 33 8 38 13 68 20 73 15 
30 4 6 9 6 34 13 39 12 69 12 74 17 
40 5 6 10 9 35 8 40 11 70 16 75 11 
natural 27 0 28 0 63 11 64 16 98 12 99 16 
5 11 6 16 7 41 > 30 46 17 76 > 30 90 > 30 
10 12 9 17 9 42 22 47 13 77 > 30 91 > 30 
20 13 5 18 8 43 15 48 13 78 > 30 92 > 30 
30 14 5 19 6 44 15 49 12 79 > 30 93 > 30 
40 15 6 20 6 45 10 50 16 80 > 30 94 > 30 
5 21 16 24 8 57 8 60 > 30 81 > 30 95 25 
10 22 8 25 12 58 12 61 7 82 > 30 96 27 
20 23 7 26 13 59 14 62 15 83 22 97 21 


be considered noteworthy when it takes place 
within three months, the length of time 
covered by this study. Table 45 presents the 
5-per cent limit of the loss of dry weight of 
cellulose for different sample plots. This limit 
was determined for each sample plot on the 
basis of graphs indicating the vertical distri- 
bution of the rate of decomposition (Figs. 
17—19). In the natural LKN sample plots no 
decomposition of this magnitude takes place, 
and even in the MK sample plots in the 
25—30 cm. layer, the 5-per cent limit is 
reached only near the drains (Table 45). 
Figs. 17—19 show the influence of an- 
aerobic conditions on the rate of cellulose 
decomposition. These figures show, for dif- 
ferent sample plots and soil depths, the dura- 
fion of anaerobic conditions and the depth of 
the ground water table as well as the per- 
centage of undecomposed cellulose during the 
time in question. In this connection the dura- 
tion value is obtained by determination of 
the duration of anaerobic conditions and the 
ground water table in per cent; in other 
words, it is established how many times 
during the period of study the ground water 
table and, correspondingly, the anaerobic 
conditions have been in different depth layers 
in comparison with all times of observation. 
In this examination the thickness of the peat 
layers studied was 5 cm. Thus, the percent- 


ages presented describe cumulative »or more» 
or »less than» values. A similar manner of 
examination has been used, for instance, by 
KOEHNE (1928) and WÄRE (1947) in their 
studies on the depth of the ground water 
table. 

A strong decomposition of cellulose took 
place in the topmost peat layers where condi- 
tions were aerobic over almost the whole 
period of study and the ground water table 
was rather far from the ground surface. Only 
for the MK and IR sample plots located at 
distances of 5—10 m. from the drain, the 
curves indicating the duration of anaerobic 
conditions (Figs. 18—19) showed a stratifica- 
tion of the conditions in question because, in 
some sample plots, the percentage of dura- 
tion even became smaller with increasing 
depth. This indicates that aerobic conditions 
might occur in peat in some cases at quite 
great depths depending, for instance, on 
air channels that remain after decomposed 
roots. 

A similar stratification of anaerobic condi- 
tions has also been noted by BENDA (1957) 
and BurGerr (1961). However, as already 
mentioned (p. 48), cellulose decomposition 
was considerably more rapid at a depth of 
20—30 cm. in the MK sample plots at a 
distance of 5—10 m. from the drain than in 
IR and LKN sample plots, although the 
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Fig. 17. Duration of the ground water table (— — —) and anaerobic condi- 


tions ( 


) as well as proportion of undecomposed cellulose (. . . ) at 
different depths in LkN sample plots. 
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Fig. 18. Duration of the ground water table (— — —) and anaerobic condi- 
tions ( ) as well as proportion of undecomposed cellulose (...) at Fig. 19. Duration of the ground water table (— — —) and anaerobic condi- 
different depths in IR sample plots. tions ( ) as well as proportion of undecomposed cellulose (...) at 


different depths in MK sample plots. 
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ground water table and aerobic limit of the 
latter were at quite a great distance from the 
ground surface (Figs. 17—19). In this case 
the difference must be due to the properties 
of the peat. In Myrtillus spruce swamp the 
peat clearly has a greater content of nitrogen 
than that in dwarf-shrub pine swamp (cf. Fig. 
4, p. 28) and low-sedge bog, and at a depth of 


20—30 cm. its peat is also less acid (Tables 
17—22, pp. 24—25). The content of nutrients 
and acidity influence the microbe activity 
and, consequently, indirectly the decompo- 
sition of cellulose (ALLISON ef al. 1963). In 
such cases the slowness of cellulose decompo- 
sition as such does not indicate anaerobic 
conditions, but a deficiency of nutrients. 


55. Root penetration and timber volume in comparison with the aerobic limit 


Differences have been shown to occur in 
root penetration of different tree species. For 
example, roots of birch penetrate deeper than 
those of pine and spruce (LAITAKARI 1934, 
HEIKURAINEN 1958) because they better 
endure conditions of deficient oxygen (Hut- 
KARI 1954, 1959 a; ORLov 1960). On the other 
hand, even in natural peatlands the root 
systems of certain herb- and grass-like plants, 
for instance, sedges, penetrate considerably 
deeper than tree roots (GYLLENBERG et al. 
1954) because of the special structure of their 
tissue, which makes aeration possible (MET- 
SAVAINIO 1931, LINKOLA and TirRIKKA 1936). 
The inclination toward superficiality ex- 
hibited by spruce roots in peat is indicated, 
for instance, by the appearance of so-called 
adventive roots above the normal roots (HEr- 
KINHEIMO 1920). 


Concerning root examination, the present 
study was limited to investigation into how 
deep living short roots occurred in the soil of 
the principal sample plots. Sampling was done 
in ten places in each sample plot, and each 
sample was examined only in order to find 
out whether it contained living short roots or 
not. As already mentioned in the presenta- 
tion of the methods of study (p. 16), no heed 
was given to the quantity of roots. 

Of course, in the completely treeless natural 
LKN sample plots no living short roots were 
encountered. In the sparsely forested LkN 
and IR sample plots located at great distances 
from the drain, such roots occurred only in 
rather small quantities (Tables 46—48). In 
this examination the root penetration, or the 
lower limit of roots, was considered to be the 
depth layer below which living short roots 


Table 46. Frequency (maximum = 10) of living short roots of pine or 
spruce in LKN peat samples. 


Distance from drain, m. 


| 40 | natural 


Sample plot no. 


Depth, 5 | 20 
cm. 

t | 6 | 3 | 
0— 2 10 7 3 
2— 4 10 6 3 
4— 6 10 4 3 
6-8 10 3 1 
8-10 10 5 = 
10—12 6 3 — 
12—14 6 2 - 
14—16 7 1 
16—18 6 1 = 
18 —20 6 1 = 
20 —22 5 1 - 
22 —24 4 = 
24 —26 2 = 
26 —28 1 — 
28 —30 — _ 


Table 47. Frequency (maximum = 10) of living short roots of pine or 


Depth, 
cm. 


o— 4 
Bd 
4-6 
é— 8 
8—10 
10—12 
12—14 
14—16 
16—18 
18 —20 
20 —22 
22—24 
24 —26 
26 —28 
28 —30 
30 —32 
32—34 
34 —36 
36 —38 
38 —40 


Table 48. 


Depth, 
cm. 


0- 2 
2— 4 
4— 6 
6— 8 
8-10 
10-12 
12—14 
14—16 
16—18 
18 —20 
20 —22 
22 —24 
24 — 26 
26 — 28 
28 —30 
30 —32 
32 —34 
34 —36 
36 —38 
38 —40 
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spruce in IR peat samples. 


Distance from drain, m. 


| 20 | 40 

Sample plot no. 
36 | 33 | 38 | 35 | 40 
10 10 10 10 8 
10 10 10 10 8 
10 10 10 10 8 
10 10 10 8 8 
10 9 8 6 8 
7 a 9 5 9 
5 6 8 4 6 
6 6 5 4 3 
5 7 5 4 4 
6 4 3 3 2 
6 2 3 2 1 
6 = 1 1 — 
4 1 za = — 


| moe bo 


| natural 
| & | 64 
10 10 
10 10 
10 10 
10 7 
8 7 
5 3 
3 — 
2 CR 
1 BA 


Frequency (maximum = 10) of living short roots of pine 


ur 


spruce in MK peat samples. 


Distance from drain, m. 


| 20 | 40 | natural 
Sample plot no. 

71 | 68 | 73 | 7 | 75 | 98 | 99 
10 10 10 10 8 10 8 
10 10 10 10 8 10 8 
10 10 10 10 8 10 8 
10 10 10 10 8 10 8 
10 10 10 9 6 10 4 
10 8 10 7 4 10 1 
10 6 10 4 _ 7 _ 

8 3 6 = — 6 — 

8 -- 3 = = 4 _ 

5 — 3 — = 1 _ 

3 — 1 

5 — 2 

4 1 

4 i 
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were encountered at most in two cases out of 
ten. This limit is indicated in the tables by 
underlining. The results obtained for various 
sample plots are revealed by Tables 46 —48. 

In the LkN sample plots the lower limit of 
roots rises quite rapidly with increasing dis- 
tance from the drain. At a distance of 5 m. 
from the drain the limit reaches a depth of 
22 cm. In the IR and MK sample plots 
located at the same distance from the drain, 
short roots are encountered even at depths of 
30 —40 cm., while in natural sample plots, on 
the other hand, at a depth of 20 cm. no short 
roots occur. 

Dwarf-shrub pine swamps and Myrtillus 
spruce swamps are covered by forest in their 
natural state, and the difference between 
sample plots located in natural sites and at a 
40-m. distance from the drain in drained sites 
is not very great. Comparison of the site types 
(Tables 47—48) shows no marked differences 
between dwarf-shrub pine swamps and Myr- 
tillus spruce swamps, but these, on the other 
hand, differ quite clearly from low-sedge pine 
swamps (Table 46). In the LKN sample plots 
the lower root limit was 15—25 cm. closer to 
the ground surface than in the IR and MK 
sample plots. 

Comparison of the root penetration, or the 
lower limit of short root occurrence, with the 
25 and 50-per cent values of duration of the 
depth of the ground water table and an- 
aerobic conditions (Fig. 20) indicated that 
there is a relation between these charac- 
teristics. This is also indicated by the results 
from regression analyses on the average depth 
of the ground water table and aerobic limit in 


different sites (Fig. 21, p. 58). Even on the basis 
of so little data (eight observations for each 
site), the root penetration quite closely cor- 
relates with the average depth of the ground 
water table and the aerobic limit; this is also 
indicated by the significance of the correla- 
tion coefficient (Fig. 21). 

There is also a correlation between the root 
penetration and the distance from the drain 
(Fig. 21), and this is due to the fact that the 
aerobic limit and the depth of the ground 
water table correlate with the distance from 
the drain. On the other hand, the limit of 
5-per cent cellulose decomposition does not 
seem to correlate with the root penetration, 
nor is there any relation between it and the 
average depth of the aerobic limit or the 
ground water table (Fig. 20). The timber 
volume does seem to correlate with the aver- 
age depth of the aerobic limit and the ground 
water table, although, according to the pres- 
ent data, only for the sample plots located in 
V-shaped strips and natural peatlands (Fig. 
22, p. 59). For the LKN sample plots this cor- 
relation is quite strong, but for the MK sample 
plots rather weak. It seems that the aerobic 
limit explains the change in the timber 
volume even slightly better than does the 
depth of the ground water table. On the other 
hand, the distance from the drain explains 
the change in the timber volume quite poorly. 
It must be taken into consideration, however, 
that the regression lines and the correlation 
coefficients are based on only twelve observa- 
tions. With regard to the increment of the 
growing stock, no correlation was indicated 
in the cases in question. 
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Fig. 20. Comparison of the limit below which the loss of dry weight of cellu- 
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6. DISCUSSION 


An essential drawback for the study of the 
properties of peatlands is that our knowledge 
of their redox conditions is incomplete. We 
do not know, for example, how artificial 
drainage changes these conditions from the 
point of view of forest growth or to what ex- 
tent the biological activity of peat is depend- 
ent on the changes brought about in this 
way. The present study is an attempt to find 
the answer to these problems. 

According to the results of the study, the 
aerobic limit, below which conditions become 
anaerobic, correlates strongly with the depth 
of the ground water table, following its 
fluctuation. The relation between the aerobic 
limit and the depth of the ground water table, 
however, is different depending on whether 
the ground water table is in a period of rise or 
fall due to the weather conditions. When the 
ground water table is in a phase of falling, the 
aerobic limit follows it more slowly than when 
it is rising. Consequently, when the ground 
water table is in a period of falling, the aerobic 
limit is located closer to the ground surface 
than the ground water table; the longer the 
period in question, the greater is the dif- 
ference. On the other hand, when the ground 
water table is in a phase of rising, the aerobic 
limit may temporarily be situated at a greater 
depth than the ground water table. This 
seems to be so especially during and im- 
mediately after heavy rains. 

The reason for this phenomenon is that 
rains bring to the soil oxygen that has dis- 
solved into the water; as a matter of fact, this 
is the principal way in which the soil gets its 
oxygen (ORLov 1960). Oxygen brought to the 
soil in this way is consumed at quite a rapid 
rate through the action of roots and aerobic 
microbes and frequently even at the very 
topmost soil layer. In peat this consumption 
is especially rapid because the greater the 
amounts of organic matter present, the more 
rapid is oxygen consumption (ORLOV 1960). 
According to YURKEVICH ef al. (1966), the 
oxygen content of ground water is extremely 
low even at a distance of only one meter from 


the drain and at a depth of 15 -20 cm. from 
the ground surface. 

In low-sedge bogs, which by nature are 
treeless sites, the above-mentioned variation 
in the dependence of the aerobic limit on the 
phases of the ground water table is consider- 
ably smaller than in Myrtillus spruce swamps 
and dwarf-shrub pine swamps. In natural 
low-sedge bogs the aerobic limit is usually 
located very near the ground surface, and 
only dry spells lasting for several weeks are 
able to effect aerobic conditions in the top- 
most peat layer of a few centimeter’s thick- 
ness. On the other hand, in sites where the 
ground water table remains constantly at a 
depth of 50—60 cm. or more, the aerobic 
limit is not encountered in the topmost 50- 
cm. layer, irrespective of the site. In some 
cases, however, thin anaerobic layers may 
be encountered in such sites. Also, there 
are cases in which aerobic conditions may 
occur in a certain portion of peat inside the 
anaerobic layer; this is possible because of 
the occurrence of air channels remaining 
after decomposed roots, etc., that have been 
in contact with the ground surface. Cor- 
responding stratification of aerobic and 
anaerobic conditions has been observed 
previously by BENDA (1957) and BURGEFF 
(1961). 

In different sites there are also differences 
in the depth of the aerobic limit. In low- 
sedge bogs it is considerably closer to the 
ground surface than in dwarf-shrub pine 
swamps and Myrtillus spruce swamps be- 
cause, in the latter sites, the ground water 
table is at greater depths. For the same 
reason the aerobic limit is considerably deeper 
near the drains than at greater distances from 
them and in natural sites, and the difference 
between natural sites and places located at a 
great distance from the drains in drained 
sites is small. The results of the study thus 
indicate that the aerobic limit can be lowered 
through lowering of the ground water table 
by means of drainage and, consequently, 
the conditions for aerobic microbe activity 


improved. It also seems to be important to 
keep the ground water table constant, for 
only a day’s rise of the ground water table is 
followed by a rise of the aerobic limit. 

Although a rather marked drop in the 
depth of the aerobic limit is achieved by 
drainage, it seems to be much more difficult 
to change the conditions prevailing above 
this limit from reducing to oxidizing. As 
already mentioned on the preceding pages, 
conditions gradually change from oxidizing 
to reducing with increasing soil depth until, 
at the depth of the aerobic limit, completely 
reducing, or anaerobic, conditions prevail. To 
what extent conditions are reducing can be 
determined by measuring, in the laboratory, 
the respiratory quotient (RQ = CO,/O,) from 
peat samples taken from various depths. The 
more the respiratory quotient differs from 
the value 1, or the smaller it is, the lower is 
the redox potential. In the present work those 
conditions were estimated as being too re- 
ducing for the existence of aerobic processes 
when the respiratory quotient was below the 
value 0.80. 

Conditions characterized by RQ values 
smaller than this limit seem already to 
prevail in peat soils at a depth of 20 — 30 cm., 
although the depths of the ground water table 
and aerobic limit were located at depths 
greater than 50 cm. As a result of the fall of 
the ground water table during a dry spell 
that lasted for a few weeks, the upper limit of 
the conditions characterized by a smaller 
respiratory quotient than 0.80 did, it is true, 
drop to a depth of more than 28 cm. How- 
ever, in the spring and fall, when anaerobic 
conditions prevail closer to the ground sur- 
face than in the middle of the summer, the 
respiratory quotient is smaller than 0.80 even 
in samples taken from a depth of only 10—20 
cm. from the ground surface. The respiratory 
quotient of samples taken from natural low- 
sedge bogs and from places located far from 
the drain (30—40 m.) in drained low-sedge 
bogs indicates that reducing conditions pre- 
vail in these sites through the whole summer 
immediately below the ground surface. 

In sites where conditions in the topmost 
10-cm. layer are oxidizing, i.e., the respiratory 
quotient of peat samples equals or exceeds 
the value 1, but in which the depths of the 
ground water table and the aerobic limit do 
not exceed 20—-40 cm., oxygen consumption, 
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at a certain depth, changes from a decrease 
to an increase with increasing depth, while 
the carbon dioxide release continues to de- 
crease. This turning point indicates the depth 
where oxidizing conditions change into re- 
ducing. This turning point of oxygen uptake 
naturally cannot be determined in cases 
where conditions are reducing already in 
the very topmost soil layer. This is true, 
for instance, for natural low-sedge bogs. 

In examination of the changes taking place 
in the redox potential with increasing soil 
depths, the first limit encountered is that 
where oxidizing conditions are replaced by 
reducing (the turning point of oxygen up- 
take). The next limit encountered is where 
conditions become reducing to such an 
extent that aerobic processes are clearly 
arrested (for example, the limit where re- 
spiratory quotient becomes smaller than 
0.80). The location of this limit naturally 
depends on how much oxygen is required for 
the processes in question. Still deeper is the 
limit where aerobic, though already reducing, 
conditions become anaerobic (the aerobic 
limit). A final limit is the ground water table. 
This order, especially of the aerobic limit and 
the depth of the ground water table, may 
naturally vary due to disturbing factors of 
different kinds. 

Carbon dioxide release, which is regarded 
as the index of the biological activity of soil, 
is considerably more intensive in samples 
taken from the topmost (0—3 cm.) peat layer 
of forested sites than from treeless sites. Of 
course, carbon dioxide release as measured in 
the laboratory does not correspond to soil 
respiration in the field in accordance with, for 
instance, LUNDEGARDH’s (1924) definition of 
the latter. Thus, the attempt here is only to 
measure and compare the relative intensity 
of carbon dioxide release under controlled 
conditions. 

In the 1870’s EBERMAYER observed that 
carbon dioxide release is more intensive in 
forest-covered than in treeless sites. (HABER 
1959). This is due to the great influence of 
roots on soil respiration (MEYER and SCHAF- 
FER 1954, REINERS 1968). The literature 
dealing with this matter presents different 
opinions concerning the proportion of root 
respiration to the total soil respiration. Ac- 
cording to LUNDEGARDH (1924), for example, 
it is 1/3, and according to W1antT (1967 a), 
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50 per cent, whereas MEYER and KoEPF 
(1960) state that it is still greater. According 
to EHRENBERG (1934), it is even greater than 
the proportion of soil respiration caused by 
microbes. 

In samples taken from the 5—8 cm. layer, 
however, similar differences do not occur in 
the carbon dioxide release, but in some cases 
even contrary results were obtained. In sam- 
ples taken from a depth of 5—8 cm. or more 
from sparsely stocked sites, the intensity of 
carbon dioxide release was stronger at greater 
distances from the drain than close to it. The 
probable reason for this result is that the 
proportion of readily decomposable matter is 
smaller in deeper peat layers near the drains 
than in the corresponding layers at greater 
distances from the drain. 

In the forest-covered sites carbon dioxide 
release was even 2—3 times stronger in peat 
samples taken from the topmost (0—3 cm.) 
soil layer than in samples taken from a depth 
of 5—8 cm. Correspondingly, there were also 
differences between the 5—8, and in some 
cases, 10—13 cm. layer and deeper peat 
layers. Between treeless and sparsely forested 
sites, on the other hand, such differences 
could not be observed. 

Differences of the same kind as related 
above also occur when CO, release is deter- 
mined per unit weight of fresh peat; however, 
there are also results according to which 
carbon dioxide release is the more intensive, 
the closer to the drain sampling was done. 

The various site types of the study differed 
from each other only when in a natural state. 
Carbon dioxide release of samples taken from 
the topmost peat layer of the treeless low- 
sedge bogs was considerably slower than 
that of corresponding samples from dwarf- 
shrub pine swamps and Myrtillus spruce 
swamps. 

The loss of dry weight of sulfite cellulose 
pieces placed in the soil for a certain period of 
time indicates the decomposing activity of 
the soil. Other kinds of cellulose have also 
been used successfully for this purpose (e.g., 
RıcHArD 1945, UNGER 1960). The rapidity 
of cellulose decomposition reflects that of 
other organic matter in the immediate neigh- 
borhood of the pieces because the more rap- 
idly the litter is decomposed, the more de- 
composition of the adjacent cellulose is 
speeded up (BoRNEBUSH 1946, BEIJERINCK 


and PELKwIJK 1950). This is also so for 
more resistant substances than cellulose 
(N6OMMIK 1938). 

Like carbon dioxide release, cellulose de- 
composition is considerably more rapid in 
forest-covered than in treeless sites. Irrespec- 
tive of the distance from the drain, cellulose 
decomposition becomes rapidly slower with 
increasing soil depth. In dwarf-shrub pine 
swamps and low-sedge bogs practically no 
decomposition of cellulose takes place during 
the three summer months at a depth of 20 
30 cm. (0—4 per cent). In Myrtillus spruce 
swamps, on the other hand, at this depth and 
during this time, the loss of dry weight of the 
cellulose pieces is still of a magnitude of 
about 10 per cent. Gellulose decomposition 
exceeding 5 per cent, which in the present 
work was considered the lower limit of note- 
worthy decomposition, is encountered in 
dwarf-shrub pine swamps and low-sedge bogs 
only in a thin surface layer even in efficiently 
drained sites. In natural low-sedge bogs de- 
composition of this magnitude does not take 
place at all. 

The differences between the site types, 
especially in deeper peat layers, must be due 
to the properties of the peat, because the 
aerobic limit and the ground water table were 
at approximately the same depth in both of 
the sites in question, and because, at depths 
of 20—30 cm., temperature cannot cause 
differences of this kind. Probably the differ- 
ence is due to the nitrogen content and 
acidity of the peat. The peat encountered at 
those depths in Myrtillus spruce swamps 
has considerably greater nitrogen content and 
is less acid than that of dwar-shrub pine 
swamps and low-sedge bogs. It has been 
established that the content of nitrogen 
strongly affects cellulose decomposition (Tri- 
BE 1961) and the rapidity of litter decomposi- 
tion in general (WirticH 1939); this is be- 
cause the differences in nutrient content and 
acidity influence microbe activity and, in- 
directly, cellulose decomposition (BAUMANN 
and DENK 1950). Thus, cellulose decomposi- 
tion is less rapid in Sphagnum than in Carex 
peat (IsoraLo 1951). 

Under the conditions prevailing in Finland 
the ground water table, as also indicated in 
the present work, is located quite near the 
ground surface in the spring and fall. This is 
mainly due to the melting snow in spring and 


frequent heavy rains in fall. Because of the 
connection between the depth of the ground 
water table and the aerobic limit, the latter, 
too, is usually located close to the ground 
surface in the periods mentioned. On the 
other hand, we know that length growth of 
pine and spruce roots is strongest in the 
spring and fall (LADEFOGED 1939, EIDMANN 
1943, Larmo and MıKkoLA 1964), as is root 
respiration (LAHDE 1966 c). Moreover, al- 
though efficient drainage could keep the 
aerobic limit at a relatively great depth 
during these times, conditions above this 
limit are reducing to such an extent that 
penetration of roots into deep soil layers is 
impossible. If the air space of the peat drops 
below 10 per cent, it is regarded that root 
development of higher plants is arrested (e.g. 
BERGMAN 1959). PAAVILAINEN (1967) assumes 
that the superficiality of pine roots in pine 
swamps is due to the fact that the air space 
of the peat drops below 10 per cent at the 
15-cm. depth. 

The results of the present study indicate 
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that root penetration, or the lower limit of 
short root occurrence, correlates strongly with 
the depth of the aerobic limit and the ground 
water table as well as with the distance from 
the drain. The greater the distance from the 
drain, the thinner is the soil layer in which 
living short roots are encountered. This is 
also so for the thickness of the aerobic layer. 
In natural Myrtillus spruce swamps and 
dwarf-shrub pine swamps the root penetra- 
tion only averages 15 cm. In these sites root 
penetration is similar, but in low-sedge bogs 
at the same distance from the drain, the 
lower limit of occurrence of short roots is 
located 15—25 cm. closer to the ground sur- 
face. The importance of the aerobic limit on 
root development, and thus on the develop- 
ment of the tree stand, is increased by the 
fact that the timber volume seems to be clear- 
ly dependent on the depth of the aerobic 
limit. The greater the depth of the aerobic 
limit during the growing season, the larger 
is the volume of the timber encountered in 
the site in question. 


7. CONCLUSIONS 


In brief, the main results of the present 
study and the conclusions to be drawn are as 
follows: 

— If the ground water table in peatland 
sites is located in the immediate vicinity of 
the ground surface (about 5—10 cm. in 
depth), conditions are reducing, and often 
even anaerobic, up to the ground surface. 

- By means of drainage the aerobic limit 
can be dropped to a greater depth, a fact 
easily indicated by the silver rod method. 
This will occur because the aerobic limit 
closely follows the fluctuation of the ground 
water table. 

— Although, by means of drainage, the 
aerobic limit can be lowered to more than 50 
cm. in depth, rains are followed by a rise of 
the ground water table and the aerobic limit; 
hereby a change from oxidizing to reducing 
conditions takes place. 

— Only by keeping the ground water table 


and the aerobic limit constantly at a depth of 
more than 50 em. is it possible to obtain 
oxidizing conditions in the topmost 20—30 
cm. peat layer. 

— With respect to tree root growth and 
other aerobic processes, it is necessary to keep 
the ground water table at a sufficient depth, 
for example, in the spring and early fall, when 
these processes are strongest. 

— When conditions are anaerobic, or oxy- 
gen is deficient, near the ground surface, tree 
roots cannot penetrate deeper into the soil. 

— In reducing conditions cellulose decom- 
position as well as carbon dioxide release 
from peat samples is slower than in oxidizing 
conditions. Consequently, these processes be- 
come slower with increasing soil depth, or 
when moving from forest-covered to treeless 
sites. The rate of cellulose decomposition, 
however, is essentially dependent on the 
nitrogen content and acidity of the peat. 
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